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INTRODUCTION

The United States Environmental Protection Agency (U.S. EPA) requires that all environmental
monitoring and measurement efforts mandated or supported by U.S EPA participate in a
centrally managed quality assurance (QA) program.

Any party generating data under this program has the responsibility to implement minimum

procedures to assure that precision, accuracy, completeness, and representativeness of its data are
known and documented. To ensure the responsibility is met uniformly, each party must prepare

a written QA Project Plan (QAPP) covering each project it is to perform.

This QAPP presents the organization, objectives, functional activities, and specific Quality
Assurance (QA) and Quality Control (QC) activities associated with the Remedial
Investigation/Feasibility Study (RI/FS) for the H.O.D. Landfill Site. This QAPP also describes

the specific protocols which will be followed for sampling, sample handling and storage, chain of
custody, and laboratory and field analysis.

All QA/QC procedures will be in accordance with applicable professional technical standards,
U.S. EPA requirements, government regulations and guidelines, and specific project goals and
requirements. This QAPP is prepared by Warzyn Inc. (Warzyn) in accordance with the U.S.
EPA QAPP guidance documents:

U.S. EPA, December 1980, Interim Guidelines and Specifications for Preparing
Quality Assurance Project Plans, QAMS-005/80

U.S. EPA, May 1991, Region V Model Superfund Quality Assurance Project Plan

U.S. EPA, January 1989, Region V Content Requirements for Quality Assurance
Project Plan
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SECTION 1
PROJECT DESCRIPTION

1.1 Site History and Background Information
The H.O.D. Landfill Site (Site) is an inactive landfill located in the eastern boundary of the

Village of Antioch in Lake County in northeastern Illinois (Township 46 North, Range 10 East,
Sections 8 and 9). The Site is bordered on the south and west by Sequoit Creek. The Silver

Lake residential subdivision is located east of the Site, and agricultural land, scattered residential

areas, and undeveloped land is located to the north. A large wetland area extends south of the
Site from Sequoit Creek. Silver Lake is located approximately 200 feet southeast of the Site. A

large industrial park area (Sequoit Acres Industrial Park), constructed on former landfill and fill

areas, is located west of the Site and borders Sequoit Creek. Refer to Figure 1-1 for the Site
Location Map.

The Site consists of a total of 80 acres, of which 51 acres which have been landfilled. Although

the landfilled area is visually continuous, it consisted of two separate landfill areas, identified as
the "old" and "new" landfills. The "old" landfill, consisting of 24.2 acres situated on the western
third of the property, operated between 1963 and 1975. The "new" landfill, consisting of 26.8

acres situated immediately east of the "old" landfill, operated between 1975 and 1984. The

landfill accepted both municipal waste and a variety of industrial and special wastes.

A more detailed description of the site history and background are contained in the Work Plan.

1.2 Past Data Collection Activity / Current Status

The Site has been subject to a number of investigations since 1973. A discussion of the
investigations is provided in Section 3.1.6 of the Work Plan.
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A Preliminary Assessment (PA) was prepared by the E&E Field Investigation Team (FIT) for

U.S. EPA in 1983. The FIT conducted a site inspection on July 10, 1984; the Site was given a

Hazard Ranking System (HRS) model score of 52.02. At that time, the U.S. EPA proposed the

Site be placed on the National Priorities List (NPL).

An Expanded Site Inspection (ESI) was conducted by E&E during the period of 1986 through

1989. resulting in an ESI report submitted to U.S. EPA on September 22 , 1989. In January

1990. the H.O.D. Landfill was rescored under the HRS and received a revised score of 34.68.

The Site was placed on the NPL in February 1990. On August 20, 1990 Waste Management of
Illinois, Inc. (WMJJ) and U.S. EPA entered an Administrative Order on Consent (AOC) to
conduct a Potentially Responsible Party (PRP) lead RI/FS at the Site. Warzyn was contracted by
WMII to support the PRP lead RI/FS effort in developing the RI/FS Work Plan and other
planning documents, including this QAPP.

1.3 Project Objectives and Scope

The purpose of the RI is to gather sufficient information to quantify risk to public health and
environment (Baseline Risk Assessment) and to develop and evaluate viable remedial

alternatives (Feasibility Study) at the Site. The objectives of the RI are to determine the nature

and extent of contamination at the Site in order to support the activities of the FS. The objective

of the RI/FS is to develop and evaluate appropriate remedial action alternatives based on the
RI/FS data.

The objectives of the data collection are as follows:

• Further define the nature and extent of contamination in previously identified on-site

and off-site areas
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Determine the nature and extent of contamination in previously uninvestigated areas

• Collect sufficient data on all contaminated media to support the baseline risk

assessment and feasibility study.

All tasks, subtasks and activities arc directed toward the accomplishment of these primary

objectives. Refer to the Work Plan for a detailed description of the RI tasks, subtasks and
activities.

1.4 Sample Network Design and Rationale
The sample network design and rationale for sample locations is described in detail in Section 3
of the Sampling and Analysis Plan (SAP) (refer to Appendix A).

1.5 Parameters to be Tested and Frequency
Sample matrices, analytical parameters, and frequencies of sample collection can be found in

Table 1-1. A summary of sample volume, bottle, preservative, and packaging requirements is
provided in Table 1-2.

1.6 Intended Data Usage and Data Quality Objectives
Data Quality Objectives (DQOs) are qualitative and quantitative statements which specify the

quality of the data required to support decisions made during the RI/FS activities, and are based
on the end uses of the data to be collected. As such, different data uses may require different

levels of data quality. There are five analytical levels which address various data uses and the
QA/QC effort and methods required to achieve the desired level of quality. These levels are:

Screening (DQO Level I): This provides the lowest data quality but the most rapid
results. It is often used for health and safety monitoring at the Site, preliminary

comparison to Applicable or Relevant and Appropriate Requirements (ARARs),
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initial site characterization to locate areas for subsequent and more accurate analyses,
and for engineering screening of alternatives (bench-scale tests). For the H.O.D.
Landfill Site, data generated under DQO Level I are for health and safety monitoring.
Health and Safety Monitoring activities are described in the Site Specific Health and

Safety Plan (HSP) and are not covered in this QAPP.

Field Analyses (DQO Level II): This provides rapid results and better quality than in
Level I. This level may include mobile lab generated data depending on the level of
quality control exercised. For the H.O.D. Landfill Site, data generated under DQO
Level II are: the determination of methane, oxygen, and carbon dioxide in landfill
gas, and pH, conductivity, temperature, dissolved oxygen, and redox potential in

water.

Engineering (DQO Level HI): This provides an intermediate level of data quality and
is used for site characterization. Engineering analyses may include mobile lab
generated data and some analytical lab methods (e.g., laboratory data with quick
turnaround for screening, but without full quality control documentation). For the

H.O.D. Landfill Site, data generated under DQO Level III are the physical
characterization of soils for: grain size, atterberg limits, natural moisture content,

density, TOC, and clay mineralogy.

Confirmational (DQO Level IV): This provides the highest level of data quality and
is used for purposes of risk assessment, evaluation of remedial alternatives, and PRP
determination. These analyses require full Contract Laboratory Program (CLP)
analytical and data validation procedures in accordance with U.S. EPA recognized

protocol. For the H.O.D. Landfill Site, data generated under DQO Level IV are the

Target Compound List (TCL) organic and Target Analyte List (TAL) inorganic
parameters for groundwater, sediment/soil, leachate, and surface water matrices. Low
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level TCL organic and low level TAL inorganic data for municipal/private wells will

also fall under DQO Level IV.

• Non-Standard (DQO Level V): This refers to analyses by non-standard protocols, for
example, when exacting detection limits or analysis of an unusual chemical compound
is required. These analyses often require method development or adaptation. The
level of quality control is usually similar to DQO Level IV data. For the H.O.D.

Landfill Site, data generated under DQO Level V are the volatiles for the landfill gas
samples and indicator parameters (alkalinity, chloride, hardness, sulfate, total organic
carbon (TOC), total dissolved solids (TDS), nitrate nitrogen, nitrite nitrogen, and
ammonia nitrogen) for groundwater and leachate.

A summary of data generating activities, intended data uses and associated DQOs for the H.O.D.
Landfill Site are presented in Table 1-3.

1.7 Project Schedule
A schedule of RI/FS activities for the H.O.D. Landfill Site is summarized in Figure 1-2.
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SECTION 2
PROJECT ORGANIZATION AND RESPONSIBILITY

Warzyn will be conducting all phases of the RI/FS. Warzyn will perform the field investigation,
prepare the RI report, and perform the subsequent feasibility study. Project management will

also be provided by Warzyn, under the direction of WMH The various quality assurance and
management responsibilities of key project personnel are defined below. Refer to Figure 2-1 for
the project organizational chart

2.1 Overall Responsibility
U.S. EPA Remedial Project Manager
The U.S. EPA Remedial Project Manager (RPM) is Fred Micke. The RPM has the overall
responsibility for all phases of the RI/FS.

WMII Site Project Manager

The Site Project Manager is March Smith. The Site Project Manager is responsible for
implementing the project, and has the authority to commit the resources necessary to meet
project objectives and requirements. The Site Project Manager's primary function is to ensure

that technical, financial, and scheduling objectives are achieved successfully and will provide the
major point of contact and control for matters concerning the project

Warzyn Project Manager

The Warzyn Project Manager is Gary Parker. The Warzyn Project Manager has the overall
responsibility for ensuring that the project meets U.S. EPA objectives and Warzyn's quality
standards. In addition, he is responsible for technical quality control and project oversight, and
will provide the Site Project Manager with access to corporate management.
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The WMn Site Project Manager and Warzyn Project Manager will:

• Define project objectives and develop a detailed work plan schedule

• Establish project policy and procedures to address the specific needs of the project as
a whole, as well as the objectives of each task

• Acquire and apply technical and corporate resources as needed to ensure performance
within budget and schedule constraints

Orient all field leaders and support staff concerning the project's special
considerations

• Monitor and direct the field leaders

• Develop and meet ongoing project and/or task staffing requirements, including
mechanisms to review and evaluate each task product

• Review the work performed on each task to ensure its quality, responsiveness, and
timeliness

• Review and analyze overall task performance with respect to planned requirements
and authorizations

Approve all external reports (deliverables) before their submission to U.S. EPA

• Ultimately be responsible for the preparation and quality of interim and final reports

• Represent the project team at meetings and public hearings

Warzyn Remedial Investigation Leader
The Warzyn RI Leader is Al Schmidt. The RI Leader is a support to the Warzyn Project

Manager. He is responsible for leading and coordinating the day-to-day activities of the various

resource specialists under his supervision. The RI Leader is a highly experienced environmental
professional and will report directly to the Warzyn Project Manager. Specific responsibilities
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• Provision of day-to-day coordination with the Project Managers on technical issues in
specific areas of expertise

Development and implementation of field-related work plans, assurance of schedule
compliance, and adherence to management-developed study requirements

• Coordination and management of field staff including sampling, drilling, and other
investigative work

• Implementation of QC for technical data provided by the field staff including field
measurement data

Adherence to established project schedule

• Review and approval of text and graphics required for field team efforts

• Coordination and oversight of technical efforts of subcontractors assisting the field
team

• Identification of problems at the field team level, discussion of resolutions with the
Project Managers, and provision of communication between team and upper
management

• Participation in the preparation of the final RI report

Technical Staff

The technical staff for this project will be drawn from Warzyn's pool of company resources. The
technical team staff will be utilized to gather and analyze data, and to prepare various task reports

and support materials. All of the designated technical team staff are experienced professionals
who possess the degree of specialization and technical competence required to effectively and

efficiently perform the required work.
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Warzvn Quality Assurance Officer
The Warzyn Quality Assurance Officer (QAO) is Kevin Domack. The QAO will remain

independent of direct job involvement and day-to-day operations, and has direct access to
corporate executive staff as necessary to resolve any QA dispute. He is responsible for auditing
the implementation of the QA program in conformance with the demands of specific
investigations, Warzyn's policies, and U.S. EPA requirements. Specific functions and duties
include:

• Provide QA audit on various phases of the field operations

• Review and approval of QA plans and procedures

• Provide QA technical assistance to project staff

U.S. EPA Quality Assurance Officer
The U.S. EPA QAO has the responsibility to review and approve the QAPP. The U.S. EPA
QAO is Valeric Jones.

2.2 Specialized Responsibilities
2.2. 1 Monitoring and Sampling Operations and QC

• Principal Engineering Firm - Warzyn, Chicago, Illinois

• Drilling - To be determined through bidding process

Sampling, Monitoring and Survey - Warzyn, Chicago, Illinois

On Site Day-to-day Field Activities - RI Leader, Warzyn, Chicago, Illinois

Quality Control - QAO, Warzyn, Chicago, Illinois



H.O.D. Landfill
Quality Assurance Project Plan

Revision: 2
Dale: September 10. 1992

Seclion: 2
Page 2-5

L2.2 Laboratory Analysis

• Analysis of groundwater, surface water, sediment/soil, and leachate samples for TCL
organics and TAL inorganics as specified in Table 1-1:

Environmental Testing and Certification Corporation (ETC)
284 Raritan Center Parkway
Edison, New Jersey 08818

• Analysis of sediment/soil for TOC as specified in Table 1 -1:

ETC

284 Raritan Center Parkway

Edison, New Jersey 08818

• Analysis of groundwater and leachate for indicator parameters (alkalinity, chloride,

hardness, sulfate, TOC, TDS, nitrate nitrogen, nitrite nitrogen, and ammonia nitrogen)
as specified in Table 1-1:

Enseco/Rocky Mountain Analytical Laboratory (Enseco/RMAL)
4955 Yarrow Street

Arvada, Colorado 80002

• Analysis of municipal/private well samples for low level TCL organics and low level
TAL inorganics as specified in Table 1-1:

Enseco/RMAL
4955 Yarrow Street

Arvada, Colorado 80002
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Analysis of landfill gas samples for volatile organics as specified in Table 1-1:

Enseco - Air Toxics Laboratory

9537 Telstar Avenue, Suite 118
El Monte, California 91731

Analysis of sediment/soil samples for physical characteristics (grain size, natural
moisture content, atterberg limits, permeability, and density) as specified in Table 1-1:

Warzyn Soils Laboratory

505 Science Drive, Suite C
Madison, Wisconsin 53711

• Analysis of soil samples for clay mineralogy using x-ray diffraction as specified in
Table 1-1:

Core Laboratories Inc.
1875 Monetary Lane
Carrollton, Texas 75006

2.2.3 Laboratory Data and QC
Laboratory Data

Analytical protocol specified - Warzyn, Chicago, Illinois

• Review of analytical protocol - ETC, Edison, New Jersey
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• Review of analytical procedures - U.S. EPA Region V Quality Assurance Section

(QAS) and Central Regional Laboratory (CRL), Chicago, Illinois

Internal QA/QC - Laboratory QAO, ETC, Edison, New Jersey

Final data review and validation - Chemist, Warzyn, Chicago, Illinois

• Review of tentatively identified compounds and assessment of need for confirmation -

Chemist, Warzyn, Chicago, Illinois

2.2.4 Performance and Systems Audits
Field Operations

• Internal Audits - QAO, Warzyn, Chicago, Illinois

External Audits - U.S. EPA Region V CRL and Central District Office (CDO),

Chicago, Illinois

Analytical Laboratories
• Internal Audits - Laboratory QAO, ETC, Edison, New Jersey

External Audits - U.S. EPA Region V CRL, Chicago, Illinois

Final Evidence File
• Final Evidence File Audits - QAO, Warzyn, Chicago, Illinois
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SECTION 3
QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

The overall QA objective is to develop and implement procedures for field sampling, chain-of-
custody, laboratory analysis, and reporting that will provide results which are legally defensible

in a court of law. Specific procedures for sampling, chain-of-custody, laboratory instruments

calibration, laboratory analysis, reporting of data, internal quality control, audits, preventive

maintenance of field equipment, and corrective action are described in other sections of this

QAPP. The purpose of this section is to address the specific objectives for accuracy, precision,
completeness, representativeness, and comparability.

3.1 Level of Quality Control Effort
Field blank, trip blank, duplicate, and matrix spike samples will be analyzed to assess the quality
of the data resulting from the field sampling program. Field and trip blanks consisting of

*

deionized water, will be submitted to the analytical laboratories to provide the means to assess
the quality of the data resulting from the field sampling program. Field blank samples are
analyzed to check for procedural contamination at the Site which may cause sample

contamination. Trip blanks are used to assess the potential for contamination of samples due to
contaminant migration during sample shipment and storage. Duplicate samples are analyzed to
check for sampling and analytical reproducibility. Matrix spikes provide information about the

effect of the sample matrix on the digestion and measurement methodology. Matrix spikes are
performed in duplicate for organic analyses, and are hereinafter referred to as matrix spike/matrix

spike duplicate (MS/MSD) samples. MS/MSD samples are designated/collected for organic
analyses only.
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The general level of the QC effort will be one field duplicate and one field blank for every 10 or
fewer investigative samples. One volatile organic analysis (VOA) trip blank consisting of
deionized, ultra pure water, will be included along with each shipment of aqueous VOA samples.

MS/MSD samples are not investigative samples. Soil MS/MSD samples require no extra volume

for VOAs or extractable organics. However, aqueous MS/MSD samples must be collected at
triple the volume for VOAs and double the volume for extractable organics. One MS/MSD
sample will be collected/designated for every 20 or fewer investigative samples per sample

matrix (i.e., groundwater, soil). The number of field duplicate and field blank samples to be
collected for this Site are listed in Table 1-1. Sampling procedures are specified in the SAP
(refer to Appendix A).

Soil/sediment, landfill gas, groundwater, surface water, leachate, municipal well, and private
well samples will be sent to ETC, Enseco/RMAL, Enseco - Air Toxics Laboratory, Warzyn, and
Core for analysis. Parameter lists and required quantitation levels are summarized in Tables 3-1,
3-2, 3-3, 3-4, 3-5, and 3-6.

The level of laboratory QC effort for testing of TAL inorganics and TCL organics is specified in

the current CLP Statements of Work (SOWs): ILM02.0 for inorganics (including low level

inorganics), OLM01.8 for organics, and OLC01.0 for low level organics. The levels of
laboratory QC effort for indicator parameters, field measurements, physical characteristics, and
landfill gas volatiles are specified in Table 3-7.

3.2 Accuracy, Precision and Sensitivity of Analyses

The fundamental QA objective with respect to accuracy, precision, and sensitivity of laboratory

analytical data is to achieve the QC acceptance criteria of the analytical protocols.
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TCL Organics/TAL Inorganics

Laboratory analysis of TCL organics and TAL inorganics will follow the current CLP SOWs

(OLM01.8 for organics, ILM02.0 for inorganics). The accuracy and precision, and sensitivity
requirements are summarized within the CLP SOWs.

Low Level TCL Organics/TAL Inorganics
The laboratory analysis of low level TCL organics for private and municipal well samples will
follow the current CLP SOW OLC01.0. The accuracy and precision, and sensitivity
requirements for the low level TCL organics are summarized within the CLP SOW. The

laboratory analysis of low level TAL inorganics for private and municipal well samples will
follow the SOPs provided in Appendix B. The accuracy and precision requirements for the low

level TAL inorganics are the same as those in the CLP SOW ILM02.0. The sensitivity
requirements for these analyses are summarized in Table 3-4.

Indicators

SOPs for the indicator parameters (alkalinity, chloride, hardness, sulfate, TOC, TDS, nitrate
nitrogen, nitrite nitrogen, and ammonia nitrogen) are provided in Appendix B. The accuracy and
precision requirements for these analyses are summarized in Table 3-7. The sensitivity
requirements for these analyses are summarized in Table 3-6.

Physical Characteristics
Physical characteristics of grain size, natural moisture content, atterberg limits, density, TOC,
and clay mineralogy will follow the methods provided in Appendix B. The accuracy, precision,
and sensitivity requirements for these analyses are summarized in Table 3-7.
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Landfill Gas Volatiles
The SOP for the analysis of landfill gas for volatiles is provided in Appendix B. The accuracy
and precision requirements are summarized in Table 3-7. The sensitivity requirements are

summarized in Table 3-5.

Field Measurements
SOPs for the field equipment to measure pH, conductivity, temperature, dissolved oxygen, redox
potential, methane, oxygen, and carbon dioxide are provided in Appendix C. The accuracy and

precision requirements of these analyses are summarized in Table 3-7. The sensitivity
requirements of these analyses are summarized in Table 3-6.

3.3 Completeness, Representativeness and Comparability

Completeness is a measure of the amount of valid data obtained from a measurement system
compared to the amount that was expected to be obtained under normal conditions. It is
expected that the participating laboratories will provide data meeting QC acceptance criteria for
95 percent or more for all samples tested using the SOWs and SOPs referenced in Section 3.2.
Following completion of the analytical testing, the percent completeness will be calculated by the
following equation:

Completeness (%) = A/B x 100

where, A = number of valid data
B = number of samples collected for each parameter analyzed

Representativeness expresses the degree to which data accurately and precisely represent a
characteristic of a population, parameter variations at a sampling point, a process condition, or an

environmental condition. Representativeness is a qualitative parameter which is dependent upon

the proper design of the sampling program and proper laboratory protocol. The sampling

network was designed to provide data representative of Site conditions. During development of

this network, consideration was given to past waste disposal practices, existing analytical data.
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physical setting and processes, and constraints inherent to the Superfund program. The rationale

of the sampling network is discussed in detail in the SAP. Representativeness will be satisfied
by insuring that the SAP is followed, proper sampling technique are used, proper analytical
procedure are followed, and holding times of the samples are not exceeded in the laboratory.
Representativeness will be assessed by the analysis of field duplicate samples.

Comparability expresses the confidence with which one data set can be compared with another.
The extent to which existing and planned analytical data will be comparable, depends on the

similarity of sampling and analytical methods. The procedures used to obtain the planned
analytical data, as documented in the QAPP, are expected to provide comparable data. These
new analytical data, however, may not be directly comparable to existing data because of

differences in procedures and QA objectives.
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SECTION 4

SAMPLING PROCEDURES

4.1 Sampling Procedures

Sampling procedures are described in the SAP which is contained in Appendix A of this
document.

4.2 Bottle Requirements

The contaminant-free sample containers (bottles) used for analyzing TCL organics, TAL

inorganics, and indicator parameters for the H.O.D Landfill Site will be prepared according to
the procedures specified in U.S. EPA's Specifications and Guidance for Obtaining Contaminant-

Free Sample Containers. April 1990. It will assure that the bottles used for the sampling activity
do not contain contaminants exceeding the level specified in the above-mentioned document
Specifications for the bottles will be verified by checking the supplier's certified statement and
analytical results for each bottle lot, and will be documented on a continuing basis. This data
will be maintained in the project evidence file, and will be available, if requested, for EPA
review.

In addition, the data for field blanks and trip blanks will be monitored for contamination, and

corrective actions will be taken as soon as a problem is identified. This will be accomplished
either by discontinuing the use of a specific bottle lot, contacting the bottle supplier(s) for
retesting a representative bottle from a suspect lot, resampling the suspected samples, validating

the data taking into account that the contaminants could be introduced by the laboratory (i.e.,
common lab solvents, sample handling artifacts, etc.) or could be a bottle QC problem, so as to
make an educated determination of whether the bottles and hence the data are still usable, etc.,
whichever is appropriate.



H.O.D. Undfin
QuaLiy Assurance Project PUn

Revision: 2
D«le: September 10. 1997

Section: 5
Pige 5-1

SECTION 5
SAMPLE CUSTODY AND DOCUMENTATION

It is U.S. EPA policy to follow the U.S. EPA sample custody, or chain of custody protocols
described in "NEIC Policies and Procedures", EPA-330/9-78-DDI-R, Revised June 1985. This

custody is in three parts: sample collection, laboratory analysis, and final evidence files. Final
evidence files, including all originals of laboratory reports and purge files, are maintained under

document control in a secure area.

A sample or evidence file is under your custody if they:

• Are in your possession

• Are in your view, after being in your possession

• Are in your possession and you place them in a secured location

• Are in a designated secure area

5.1 Field Specific Custody Procedures

The sample packaging and shipment procedures summarized below will assure that the samples
will arrive at the laboratory with the chain of custody intact. The protocol for sample
designations are included in the SAP, Appendix A of this QAPP.

«•

5.1.1 Initiation of Chain of Custody Field Procedures

The field sampler is personally responsible for the care and custody of the samples until they are
transferred or properly dispatched to the laboratory. As few people as possible should handle the
samples. All bottles will be tagged with sample numbers and locations. Sample tags are to be
completed for each sample using waterproof ink unless prohibited by weather conditions. For
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example, a logbook notation would explain that a pencil was used to fill out the sample tag

because the ballpoint pen would not function in freezing weather.

The RPM will review all field activities to determine whether proper custody procedures were
followed during the field work and decide if additional samples are required.

5.1.2 Field Loebooks/Documentation
Field logbooks will provide the means of recording data collecting activities performed. As
such, entries will be described in as much detail as possible so that persons going to the site

could re-construct a particular situation without reliance on memory.

Field logbooks will be bound, field survey books or notebooks. Logbooks will be assigned to
field personnel, but will be stored in the document control center when not in use. Each logbook
will be identified by the project-specific document number.

The tide page of each logbook will contain the following:

• Person to whom the logbook is assigned

• Logbook number

Project name
• Project start date

• Project end date

Entries into the logbook will contain a variety of information. At the beginning of each entry,

the date, start time, weather, names of all sampling team members present, level of personal
protection being used, and the signature of the person making the entry will be entered. The

names of visitors to the site, field sampling or investigation team personnel, and the purpose of
their visit will also be recorded in the field logbook.
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Measurements made and samples collected will be recorded. All entries will be made in ink, and
no erasures will be made. If an incorrect entry is made, the information will be crossed out with

a single strike mark, initialed, and dated by the person making the crosscut. Whenever a sample
is collected, or a measurement is made, a detailed description of the location of the station, which

includes compass and distance measurements, shall be recorded. The number of the photographs
taken of the station, if any, will also be noted All equipment used to make measurements will be
identified, along with the date of calibration.

Samples will be collected following the sampling procedures documented in the SAP, Appendix

A of this QAPP. The equipment used to collect samples will be noted, along with the time of
sampling, sample description, depth at which the sample was collected, volume and number of
containers. A sample identification number will be assigned prior to sample collection. Field
duplicate samples, which will receive an entirely separate sample identification number, will be
noted under sample description.

5.1.3 Transfer of Custody and Shipment Procedures

Samples are accompanied by a properly completed chain of custody form. The sample numbers
and locations will be listed on the chain of custody form. When transferring the possession of
samples, the individuals relinquishing and receiving will sign, date, and note the time on the

record. This record documents transfer of custody of the samples from the sampler to another
person to a mobile laboratory, to the permanent laboratory, or to/from a secure storage area.

Samples will be properly packaged for shipment and dispatched to the appropriate laboratory for
analysis, with a separate signed custody record enclosed in each sample box or cooler. Shipping

containers will be locked and secured with strapping tape and custody seals for shipment to the
laboratory. The preferred procedure includes the use of a custody seal attached to the front right
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and back left of the cooler. The custody seals are covered with clear plastic tape. The cooler is
strapped shut with strapping tape in at least two locations.

Whenever samples are split with another source or government agency, a separate sample

custody record is prepared for those samples, and marked to indicate with whom the samples are

being split with. The person relinquishing the samples to the facility or agency should request

the representatives signature acknowledging the sample receipt. If the representative is
unavailable or refuses, the person relinquishing the samples should note this in the "received by"
space of the custody form.

All shipments will be accompanied by the chain of custody record identifying the contents. The
original record will accompany the shipment, and the pink and yellow copies will be retained by
the sampler for returning to the sampling office.

If the samples are sent by common carrier, a bill of lading should be used. Receipts of bills of
lading will be retained as part of the permanent documentation. If sent by mail, the package will

be registered with return receipt requested. Commercial carriers are not required to sign off on

the custody forms as long as the custody forms are sealed inside the sample cooler, and the
custody seals remain intact The person shipping the samples should note the carrier name and

airbill number on the chain of custody record.

5.2 Laboratory Chain of Custody Procedures
Laboratory custody procedures for the sample receiving and log-in; sample storage; tracking

during sample preparation and analysis; and storage of data are described in the individual
laboratory custody SOPs provided in Appendix D.
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5.3 Final Evidence File Custody Procedure
The final evidence file for the H.O.D. Landfill RI/FS will be located at and maintained by
Warzyn. The content of the evidence file will include all relevant records, reports,

correspondence, logs, field logbooks, laboratory sample preparation and analysis
logbooks/documentation, analytical data packages, pictures, subcontractor reports, chain of

custody records/forms, data review reports, etc. The evidence file will be under custody of the
file custodian in a locked, secured area.
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SECTION 6
CALIBRATION PROCEDURES AND FREQUENCY

This section describes procedures for maintaining the accuracy of all the instruments and
measuring equipment which are used for conducting field tests and laboratory analyses. These

instruments and equipment should be calibrated prior to each use or scheduled, periodic basis.

6.1 Field Instruments/Equipment
Instruments and equipment used to gather, generate, or measure environmental data will be
calibrated with sufficient frequency and in such a manner that accuracy and reproducibiliry of

results are consistent with the manufacturer's specifications.

Equipment to be used during the field sampling will be examined to certify that it is in operating
condition. This includes checking the manufacturer's operating manual and the instruction and

the instructions for each instrument to ensure that all maintenance requirements are being
observed. Field notes from previous sampling trips will be reviewed so that the notation on any

prior equipment problems are not overlooked, and all necessary repairs to equipment have been
carried out

Calibration procedures and frequencies for field instruments are governed by the specific field
SOPs provided in Appendix C. Field measurements include pH, conductivity, temperature,
dissolved oxygen, redox potential, methane, oxygen, and carbon dioxide.

6.2 Laboratory Instruments
Procedures for the calibration of laboratory instruments must be established and maintained to
ensure that equipment is functioning properly and that data collected are accurate and reliable.
Requirements include step-by-step calibration procedures, frequency of re-calibration, equipment
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maintenance logs, instrument accuracy criteria, corrective action procedures and equipment

limitations (e.g., working ranges), and are described, in detail, in the SOPs provided in Appendix

B, and the SOWs for organics and inorganics.
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SECTION 7

ANALYTICAL PROCEDURES

Groundwater, private/municipal well, surface water, soil/sediment, landfill gas, and leachate
samples collected during field sampling activities for the H.O.D. Landfill Site RI will be

analyzed by ETC, Enseco/RMAL, Enseco - Air Toxics Laboratory, Warzyn, and Core (sec Table
1-1). Refer to Table 7-1 for a summary of analytical method references used for analysis.

7.1 Field Screening Analytical Protocols
The procedures for the field measurement of pH, conductivity, temperature, dissolved oxygen,
redox potential, methane, oxygen and carbon dioxide are described in the SOPs provided in
Appendix C.

7.2 Laboratory Analysis

Samples (groundwater, surface water, soil/sediment, and leachate samples) for CLP TCL
organics and CLP TAL inorganics will be analyzed by ETC according to the analytical

procedures set forth in the current CLP SOWs OLM01.8 for organics analysis, and ILM02.0 for
inorganic analysis. Indicator parameters analyzed by Enseco/RMAL will follow the SOPs in
Appendix B.

Low level TCL organic analysis of municipal/private wells by Enseco/RMAL will utilize the
current low level CLP SOW OLC01.0. Low level TAL inorganic analysis for municipal/private
wells analyzed by Enseco/RMAL will follow the SOPs set forth in Appendix B.

Landfill gas samples for volatiles will be analyzed by Enseco - Air Toxics Laboratory according
to the SOP set forth in Appendix B.
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Analysis of soil/sediments for physical characteristics will be performed by Warzyn (TOC for
soil/sediment analyzed by ETC and clay mineralogy will be performed by Core Laboratories)
using the methods provided in Appendix B.
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SECTION 8

INTERNAL QUALITY CONTROL CHECK

8.1 Field Sample Collection
The assessment of field sampling precision and accuracy will be made through the collection of
field duplicates and field blanks in accordance with the procedures described in the SAP

(Appendix A of this QAPP). Refer to Table 1-1 for a summary of sample numbers and required

field QC samples.

8.2 Field Measurements
QC procedures for field measurements of pH, conductivity, temperature, dissolved oxygen,

redox potential, methane, oxygen, and carbon dioxide are limited to checking the reproducibiliry
of the measurements by obtaining multiple readings on a single sample or standard, and by
calibrating the instruments. Refer to Table 3-7 for a summary of QC requirements.

8.3 Laboratory Analysis

The laboratories used for the analysis of samples for the H.O.D. Landfill Site (ETC,
Enseco/RMAL, Enseco - Air Toxics Laboratory, Warzyn and Core Laboratories) have written
QA/QC programs which provides rules and guidelines to ensure the reliability and validity of

work conducted at the laboratory. Compliance with the QA/QC program is coordinated and
monitored by the laboratory QAOs, which are independent of the operating departments.
Laboratory procedures used are documented in writing and are provided or referenced in this
QAPP. Internal quality control checks are an integral part of the analytical methods, and are

discussed in detail within the analytical procedures. The overall objectives of the internal quality
control checks are to verify the established precision, accuracy and integrity of the methodology

and to support the technical validity of the data. Where appropriate, internal quality control
checks for analyses other than those following the CLP SOWs will include method blanks,
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preparation/reagent blanks, calibration check samples, laboratory duplicates, matrix spikes and
continuing calibration standards.

The required quality control frequency and performance criteria for TCL organics and TAL

inorganics are summarized in the current CLP SOWs OLM01.8 and ILM02.0, respectively. The
required QC frequency and performance criteria for low level organics are summarized in the

current CLP SOW OLC01.0.

The required quality control frequency and performance criteria for the indicator parameters,

landfill gas volatiles, physical characteristics, and low level TAL inorganics are summarized in
Table 3-7.

The performing laboratories will document, in each data package provided, that both initial and

ongoing instrument and analytical QC functions have been met. Any samples analyzed in non-

' conformance with the QC criteria set forth will be reanalyzed by the laboratory. It is expected
that sufficient sample volume will be collected for re-analyses.
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SECTION 9
DATA REDUCTION. VALIDATION AND REPORTING

9.1 Field Measurements and Sample Collection
Raw data from field measurements and sample collection activities will be appropriately
recorded in the field logbook. Data will be reviewed to ensure procedures were followed and QC

requirements were met, however, no formal data validation effort will be performed. If the data
are to be used in the project reports, they will be reduced onto data summary tables.

9.2 Laboratory Services
9.2.1 Data Reduction
Each laboratory is responsible for identification, quantification, data reporting, and data
deliverables for the analyses performed. Data reduction of TCL organic, low level TCL organic,
and landfill gas volatile data will follow the requirements set forth in the CLP SOWs (OLM01.8
and OLC01.0). Data reduction of TAL inorganic, low level TAL inorganic, and indicators data

will follow the requirements set forth in the CLP SOW ILM02.0. Deliverables will include raw

data, summaries of calibration standards, duplicates, spikes, blanks, and performance evaluation
samples.

9.2.2 Data Validation

Organic data (including low level TCL organics and landfill gas volatiles) generated under a
DQO level of IV or V will be validated by Warzyn using Laboratory Data Validation Functional
Guidelines for Evaluating Organics Analyses. February 1988.

Inorganic data (including low level TAL inorganics) generated under a DQO level of IV will be

validated by Warzyn using Laboratory Data Validation Functional Guidelines for Evaluating
Inorganics Analyses, July 1988.
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Indicator data generated under a DQO level of V will be validated by Warzyn using the Data
Validation SOP provided in Appendix E.

Physical characteristic data (DQO level HI) will be reviewed to ensure procedures were followed
and QC requirements were met, however, no formal data validation effort will be performed.

Refer to Table 1-2 for a summary of data generating activities, intended data uses, and associated

DQOs for the H.O.D. Landfill Site.

9.2.3 Data Reporting

Analytical data generated for the H.O.D. Landfill Site RI/FS will be computerized in a format
organized to facilitate data review and evaluation. The computerized data set will include the

data qualifiers provided by the performing laboratory in accordance with the CLP SOWs, as well
as qualifiers added by the data reviewer in accordance with the data validation procedures noted
in Section 9.2.2 of this QAPP.

The laboratory-provided qualifiers will include such items as:

• Non-detects

• Concentration below required detection limit
• Estimated concentration due to poor QC data

Concentration of chemical also found in the laboratory blank
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The data review qualifiers will indicate whether the data are:

• Usable as a quantitative concentration
• Usable with caution as an estimated concentration
• Unusable due to out-of-control QC results

A summary of the validated data will be incorporated into the RI report
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SECTION 10

PERFORMANCE AND SYSTEM AUDITS

Performance and system audits of both field and laboratory activities will be conducted to verify
that sampling and analysis are performed in accordance with the procedures established in the

SAP and QAPP. The audits of field and laboratory activities include two separate independent
pans: internal and external audits.

10.1 Field Audits
10.1.1 Internal Audits
Internal audits of field activities (sampling and measurements) will be conducted by the Warzyn
QAO and/or RI Leader. The purpose of the field audit will be to evaluate and document
adherence to procedures described in the QAPP and SAP. The audit will include review of field
activities, sample documentation, chain of custody forms, field logbooks, and sampling and

decontamination activities. Follow-up audits will be conducted to correct deficiencies, and to
verify that QA procedures are maintained throughout the investigation.

10.1.2 External Audits

External audits conducted will be the responsibility of the U.S. EPA CRL and/or CDO.

10.2 Laboratory Audits
10.2.1 Internal Audits

The purpose of the internal laboratory audit is to evaluate and document adherence to analytical

procedures described in this QAPP. Internal audits of the participating laboratories are the

responsibility of the individual laboratory QAO. System audits will include examination of

laboratory documentation on sample receiving, sample log-in, sample storage, chain of custody

procedure, sample preparation and analysis, instrument operating records, etc., and will be
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performed annually. Performance audits consisting of blind QC samples prepared and submitted
to the laboratory for analysis, will be performed quarterly. Results of these blind QC samples
will be reviewed by the laboratory QAO.

10.2.2 External Audits
The U.S. EPA CRL will audit performing laboratories and provide recommendations for
approval of the laboratory for the requested analyses to the U.S. EPA RPM. The audit may
consist of a review of analytical and chain of custody procedures, evaluation of performance
samples, and may also include an on-site audit of each participating laboratory.
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SECTION 11
PREVENTATIVE MAINTENANCE

11.1 Field Instruments/Equipment
Field equipment used for this project include: thermometers, pH meter, conductivity meter,
dissolved oxygen meter, redox meter, gas-tech meter, and sampling and filtering equipment.
Specific preventative maintenance procedures to be followed for field equipment are those
recommended by the manufacturer.
Field instruments will be checked and calibrated before they are transported to the field. These
instruments will be checked and calibrated daily before use. Calibration checks will be
performed as noted in Table 3-8 and will be recorded in the field logbook.

Critical spare parts such as electrodes, batteries, and pH probes will be kept on-site to minimize
instrument down time. Backup instruments and equipment will be available within on-day
shipment to avoid delays in the field schedule.

11.2 Laboratory Instruments
Preventative maintenance procedures for laboratory instrumentation and equipment for TCL
organics (including low level TCL organics and landfill gas volatiles) are referenced in the

current CLP SOWs OLM01.8 and OLC01.0. Preventative maintenance procedures for
laboratory instrumentation and equipment for TAL inorganics (including low level TAL
inorganics) are referenced in the current CLP SOW ILM02.0.

Preventative maintenance of laboratory instruments associated with the indicator parameters will
be as directed with manufacturer's specifications, instrument operating procedures, and
analytical methods. Maintenance is carried out on a regular, scheduled basis, and is documented
in the instrument service logbook for each instrument. Emergency repair or scheduled
manufacturer's maintenance is provided by an on-site technician or maintenance contract with
the factory representatives.
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SECTION 12
SPECIFIC ROUTINE PROCEDURES USED TO ASSESS

DATA PRECISION. ACCURACY. AND COMPLETENESS

T
A
•
L

12.1 Field Measurements
Field data will be assessed by the Site QAO. The Site QAO will review the field results for
compliance with the established QC criteria that are specified in the QAPP and SAP. Accuracy
of field measurements will be assessed using daily instrument calibration, calibration check, and
blank data. Precision will be assessed on the basis of reproducibility by taking multiple readings
of a single sample. Data completeness will be calculated as follows:

13

14

Completeness- Valid Data Obtained x 100
Total Data Planned

12.2 Laboratory Data
12.2.1 Precision
Precision of laboratory analysis will be assessed by comparing the analytical results between
MS/MSD for organic analysis, and laboratory duplicate analyses for inorganic and indicator
analysis. The relative percent difference (RPD) will be calculated for each pair of duplicate

analysis results as follows:

where,

RPD = IS-PI x 100
(S + D)/2

S = first sample value (original or MS value)
D = Second sample value (duplicate or MSD value)
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12.2.2 Accuracy
Accuracy of laboratory results will be assessed based on the established QC criteria that are
described in Section 3 of this QAFP, using the analytical results of method blanks, matrix spike
samples, and field blanks. The percent recovery (%R) will be calculated as follows:

%R- A-B x 100
C

where, A = The analyte concentration determined experimentally from the spiked
sample;

B = The background level determined by a separate analysis of the unspiked
sample; and

C = The amount of the spike added.

12.2.3 Completeness
The data completeness of laboratory analysis results will be assessed for compliance with the
amount of data required for decision making. Completeness is calculated by the following
formula:

Completeness = Valid Data Obtained x 100
Total Data Planned

12.2.4 Sensitivity
The achievement of method detection limits depend on instrument sensitivity and matrix effects.

It is important to monitor the instrument sensitivity to ensure the data quality through constant
instrument performance. The instrument sensitivity will be monitored through the analysis of
method blanks, calibration check samples, and laboratory control samples.

L
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SECTION 13
CORRECTIVE ACTION

Corrective actions may be required for two classes of problems: analytical and equipment

problems, and noncompliance problems. Analytical and equipment problems may occur during
sampling and sample handling, sample preparation, laboratory instrumental analysis, and data

review.

For noncompliance problems, a formal corrective action program will be determined and
implemented at the time the problem is identified. The person who identifies the problem is
responsible for notifying the RPM. If the problem is analytical in nature, information on these

problems will be promptly communicated to the U.S. EPA QAS. Implementation of corrective
action will be confirmed in writing through the same channels.

Any nonconformance with the established quality control procedures in the QAPP or SAP will

be identified and corrected in accordance with the QAPP. The U.S. EPA RPM, or his/her

designee will issue a nonconformance report for each nonconformance condition.

Corrective actions will be implemented and documented in the field record book. No staff
member will initiate corrective action without prior communication of findings through the
proper channels. If corrective actions are insufficient, work may be stopped by stop-work order
by the RPM.

13.1 Sample Collection/Field Measurements
Technical staff and project personnel will be responsible for reporting all suspected technical or
QA nonconformances or suspected deficiencies of any activity or issued document by reporting
the situation to the Warzyn RI Leader, or his/her designee. This manager will be responsible for
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assessing the suspected problems in consultation with the Warzyn Project Manager on making a
decision based on the potential for the situation to impact the quality of the data. If it is

determined that the situation warrants a reportable nonconformance requiring corrective action,
then a nonconformance report will be initiated by the manager.

The manager will be responsible for ensuring that corrective action for nonconformances are

initiated by:

Evaluating all reported nonconformances

• Controlling additional work on nonconforming items

• Determining disposition or action to be taken

Maintaining a log of nonconformances

• Reviewing nonconformance reports and corrective actions taken

• Ensuring nonconformance reports are included in the final site documentation in the
project files

If appropriate, the Warzyn Project Manager will ensure that no additional work that is dependent
on the nonconforming activity is performed until the corrective actions are completed.

Corrective action for field measurements may include:

Repeat the measurement to check the error

Check for all proper adjustments for ambient conditions such as temperature
Check the batteries

• Re-calibration

• Check the calibration
• Replace the instrument or measurement devices
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Stop work (if necessary)

The Warzyn RI Leader, or his/her designee, is responsible for all site activities. In this role, the
Warzyn RI Leader, at times is required to adjust the site programs to accommodate the site-
specific needs. When it becomes necessary to modify a program, the Warzyn RI Leader notifies
the Warzyn Project Manager of the anticipated change and implements the necessary changes
after obtaining the approval of the Project Manager. The change in the program will be

documented and signed by the appropriate personnel.

The Warzyn RI Leader for the H.O.D. Landfill Site is responsible for the controlling, tracking,

and implementation of the identified changes. Reports on all changes will be distributed to all

affected parties, including the U.S. EPA RPM, the Warzyn Project Manager, and the WMII
Project Manager.

13.2 Laboratory Analysis
Corrective actions are required whenever an out-of-control event or potential out-of-control event

is noted. The investigative action taken is dependent on the analysis and the event. Laboratory
personnel are alerted that corrective actions may be necessary if:

• QC data are outside the warning or acceptable windows for precision and accuracy

• Blanks contain target analytes above acceptable levels

• Undesirable trends are detected in spike recoveries or RPD between duplicates

There are unusual changes in detection limits

• Deficiencies are detected by the QA Department during internal or external audits , or
from the results of performance evaluation samples

• Inquiries concerning data quality are received
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Corrective action procedures are often handled at the bench level, by the analyst who reviews the
sample preparation procedure for possible errors and checks the instrument calibration, spike and
calibration mixes, instrument sensitivity, etc. If the problem persists, or cannot be identified, the
matter is referred to the laboratory supervisor, manager, or QAO for further investigation. Once
resolved, full documentation of the corrective action procedure is filed with the QA Department
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SECTION 14
QUALITY ASSURANCE REPORTS TO MANAGEMENT

Reports will be submitted to the U.S. EPA and Illinois Environmental Protection Agency (IEPA)

as described in Section 4.4.7, "Task 7: Reports" of the Work Plan. Reports will consist of

monthly progress reports, technical memoranda, and the draft RI report

Monthly progress reports submitted to the U.S. EPA and IEPA will include:

• A summary of the validated sampling and testing results

• A description of activities completed during the past month, as well as actions which
are scheduled for the next month

• A summary of target and actual completion dates for each activity

Changes in key personnel

• Problems encountered and how they were resolved

• Anticipated problems and recommended solutions

The results of specific RI activities such as the Risk Assessment, and Site Characterization will

be submitted to the U.S. EPA and IEPA in the form of Draft Technical Memoranda. Technical
Memoranda will include the following:

• Physical and Source Characterization Results

• Contaminant and Migration Pathways Characterization Results

• Baseline Risk Assessment
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A draft RI Report summarizing the RI activities will be submitted to the U.S. EPA. The report

will characterize the Site and summarize the data collected and conclusions. The RI report will

not be considered final until Site characterization activities are complete for the supporting

remedial alternatives screening activities and a letter of approval is issued by the U.S. EPA RPM.

[dii-603-098]
[W«utleun»isll)609S3 HODQAPP
CAW/caw/JAH



Talilel- l
Sample Type and Ksllmaled Sample Numbers

II.O.D. Landfill RI/KS

Page I ..I 2

Sample'
Mill in
PHYSICAL INVLS I KiAl ION
Soil borings

1 al.'

War/yn Soils

No of Licltl
Samples Duplicates

16 2

r ield' Total No.
Blanks MS/MSD' Samples

18

lest1" '
Parameters

drain Si/e

IK hi
I'aiaim-u-is

SOHRCL CI 1 ARA( T LRI/ A 1 ION
Soils (clay cap)

Sediments/Surface Soils

Leachale

Landfill CMS

Landfill Soil llorings

War/yn Soils

Core

LTC
LIC
KIC
W»r/.yn Soils

LIC
LIC
Lnseco/RMAL

Ln*eco Air
loxics

War/yn Soils

Di-i INL: NA i URL AND I-XTI-NT 01 CONTAMIN.
(iroundwater - Upjier
and Lower Aquifers

Municipal/Private Wells

Surface Water

LIC
Lie
Lnseco/RMAL

Lnseco/RMAL
Lnseco/RMAL

Lie
Lie

10 1

10 1

5 1
5 1
5 1
5 1

5 1
•i 1
5 1

5 1
-

10 1

AIION
12 2
12 2
12 2

8 1
8 1

3 1
3 1

11

II

2 6
6
6
6

1 1 7
1 - 7
1 - 7

1 - 7

11

2 2 16
2 - 16
2 16

1 1 10
1 IU

1 1 5
1 • 5

drain Si/e, Allerberg
Limits. Natural
Moisture Content.
and Density
Clay Mineralogy

ICI. Organic*
TAL Inorganics
TOC
(irain Si/.e, Natural
Moisture Content, and
Allerberg Limits

K'| Organic*
1 AL Inorganic*
Indicators

VOCs

(irain Si/e

TCL Organic*
TAL Inorganics
Indicators

I.L ICI. Organic*
LL 1 AL Inorganics

ICI. Organic*
TAL Inoig.imcs

pll, < 'onduclmly.
Icmpi'ialurc. Rnlnx,
and l)i**olvt'd Oxygfn

Methane. Ox)^cn. and
Carbon Dioxide

pll. < 'ondiu li\ ily.
lempi-ralnri'. RerloH.
anil Dissolved < > x ) g e n

pll. ( 'ondiiciivuy,
Icinpcraliiie

pll. CondncliMiy.

and Dissolved O x y g e n
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Table I-I
(continued)

Notes:

1. Samples wi l l he considered low concentration, and will be packaged and shipped accordingly.

2. I-TC Warzyn Soils Laboratory Core Laboratories Knseco/RMAI. I-nseco - Air Toxics Laboratory
284 Raritan Center I'arkway 505 Science Drive. Suite C 1875 Monetary Lane 4<)55 Yarrow Street U537 Telstar Avenue
lidison.NJ 08818 University Research Park Carrolllon, IX 75006 Arvada, CO 80002 Suite 118

Madison, Wl 53711 Kl Monte, CA 9 1 7 1 1

3. A trip blank for V ( K ' analysis will be included with each cooler shipped for aqueous (leachale, groundwater, surface water, municipal well, and private wel l ) samples. Trip blanks are not included
in the total number of samples. One trip blank (pre-cleaned SUMMA passivated canister) is required for the sampling of landfill gas vents for volatiles.

-I. I -XTKA VOLUMI-: RI -yUIRI-MI-N I: Kxlra volume is required for the MS/MSI) quality control requirement (triple volume for VOCs. double volume for SVOTs and I'est/l'CHs) lor aqueous
samples. MS/MSDs are required for soil samples, however do not require that additional volume be collected in the field. Inorganics and general water quality indicator parameters requiie
duplicate and spike analyses, however, do not require additional sample volume to meet the specified QC. MS/MSI) samples are not included in the total number of samples.

5. Refer to Tables 3-1 and 3-2 for the I ( " I . organic and 1'AL inorganic parameter lists and required detection limits. Indicator parameters consist of chloride, sulfale, a l k a l i n i t y , hardness, mlrale N.
nitrite N, ammonia N, KM', and I I)S. See (able 3-5 landfil l gas VOC list and detection limits and Table 3-6 for indicator, field measurement, and physical characteristic lists and associated
detection limits.

Ci. (iroundualer samples for metals analysis wi l l be field filtered through a 0.45 micron filler prior to the addition of preservatives.

7. I . I . = Low level detection l imits are required. Refer lo Tables 3-3 and 3-4 for the low level I ( ' I . organic and TAL inorganic parameter lists and required detection limits. Municipal/IYivaic Wells
wi l l be sampled by the Lake County Health Department.

| Waullet.mass11J60953 QAI'P Table I I
CAW/caw/JAII



Table I-2
Sample Quantities, Containers, Preservatives and Packaging Requirements

ll.O.I). Landfill kl/KS

Page I ut 4

Analysis Bottler and Jars Preservation Holding Time1 Volume of Samples Shipping Ntumal I

Low Concentration (Organic*)
< irimndwaler. Surface Waler, and
Municipal/l'rivate Wells
It'1. Semi volaliles

Id. Peslicides/PCBs

ICL Volaliles

1. eat hale
TC.'L Semi volaliles

Id. Pesliudei/PCHs

ICL Volaliles

Two 1 -Liter amber
glass bottles

Two 1 -Liter amber
glass bottles

Ihree 40- ml. volatile
organic analysis
(VUA) vials (Tour for
municipal/private well
samples).

Two l-Liler amber
glass bottles

Two 1 -Liter amber
glass bottles

Ihree 40 mL VGA vials

Iced to 4'C. 7 days to
extraction.
analysis within
40 days after
extraction.

Iced lo 4°C. 7 days to
extraction,
analysis within
40 days after
extraction.

1:1 Hd. (2 drops/ 14 days
vial), iced lo
4'C.

Iced lo 4"(". 7 days to
extraction,
analysis within
40 days after
extraction.

lcedlo4C. 7 days lo
extraction,
analysis within
40 days after
extraction.

Iced lo 4"(". 7 days

Fill bottle lo
neck

Pill bottle lo
neck

Fill completely
no headspace

Fill bottle to
neck

Fill bottle lo
neck

Fill completely
no headspace

Shipped daily Yeimiculile
by overnight
carrier

Shipped daily Vermiculite
by overnight
carrier

Shipped daily Vernmiilite
by overnight
carrier

Shipped dally X'ernmiilite
by overnight
earner

Shipped daily Veimituhic
by overnight
carrier

Shipped daily Verinicnlile
by ovfrmglu
tamer
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Analysis

Soil and Sediment
K'l. Semivolaliles

Id. Pesticides/l'CBs

TCI. Volatile:

l.andlilllia.s
Volatile;

Low Crmcfiiiralloii (Inorganics)
Groundwatcr
Melals

Cyanide

Private/Municipal Wells
Melals -

Cyanide

Bottles and Jars

One 8-oz wide mouth
glass jar

One 8-oz wide mouth
glass jar

Two 4-oz wide mouth
glass jars

One frhler SUMMA
passivaled canister

One 1 liter high
density polyethylene
bollle

One 1- liter high
density polyethylene
bollle

One l-liier high
density polyethylene
bollle

One 1-liter high
density polyethylene
bollle

Preservation

Iced to 4V.

Iced to 4'C.

Iced lo 4V.

Iced lo 4V.

Field filler
through 0.45 um
filter. UNO, to
pll<2. Iced to 4 C.

AddNaOII lopll>l2.
Iced to 4V.

IIN()1lopll<2. Iced
lo 4 V.

AddNaOII to pH>!2.
Iced lo 4V.

Table 1-2
(continued)

Holding lime1

14 days lo
extraction,
analysis within
40 days after
extraction

14 days lo
extraction.
analysis within
40 days after
extraction.

14 days

Not established

180 days
(28 days for
mercury)

14 days

1 XO days
(28 days
for mercury)

14 days

Volume of Samples

Fill 3/4 full

Fill 3/4 full

Fill completely
no headspace

Fill as described
in procedure

Fill lo shoulder
of bollle

Fill lo shoulder
of bollle

Fill Hi shoulder
of bollle

Fill to shoulder
of bottle

Shipping Normal Packaging

Shipped daily Veiniiciilile
by overnight
carrier

Shipped daily Vermiculile
by overnight
earner

Shipped daily V'erinicnlile
by overnight
carrier

Shipped daily Vermirnlile
by overnight
carrier

Shipped daily Veiinifiilne
by overnight
carrier

Shipped daily Vrrmiculile
by overnight
earner

Shipped daily Vernnciililr
by overnight
carrier

Shipped daily Vemm ulile
by overnight
can ler
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Analysis

Surface Water and l.eachale
Metals

Cyanide

Soil and Sediment
Metals and Cyanide

Water Quality Indicator Parameters
(iniuiidwaler and l.eachale
Niliate-N, Ammonia, and TOC

Hardness

Alkalinity. Chloride. Sulfale.
and Nitrite N

IDS

Hollies and Jars

One 1 liter high
density polyethylene
bottle

One 1 liter high
density polyethylene
bottle

One 8-oz wide mouth
glass jar

One 1- liter high
density polyethylene
bottle

One 500 ml high
density polyethylene
bottle

One 1- liter high
density polyethylene
bottle

One 500 mL
polyethylene bottle

1 "reservation

IINO,topll<2.
Iced to 4'C.

AddNa()lltopll>l2.
Iced to 4"C.

Iced to 4"C.

HrSO,topll<2.
Iced to 4°C.

IINO,topll<2.
Iced to 4'C.

Iced to 4-C.

Field filler
through 0.45 um
filter. Iced to
4C

Table I -2
(continued)

Holding lime1

180 days
(28 days
for mercury)

1 4 days

1 80 days
(28 days for
mercury, 14 days
for cyanide)

28 days

180 days

28 days (14 days
alkalinity, 48
hours nitrite)

7 days

Volume of Samples

hill lo shoulder
of bottle

Fill 10 shoulder
of bottle

Fill V4 full

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill lo shoulder
of bottle

Shipping

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
hy overnight
carrier

Shipped daily
hy over night
caniei

Nonnal I'ackaj

Vcrtniciilile

Vrrmiculile

Vfinm'ulite
(Mfd in cans/
veriniciiliic)

Veriiuculiie

Vcrmiiuliit*

Vcrnuculite

Vrrniiciililc



Tablr 1-2
(continued)

Cage 4 of -4

Analysis

Physical Characteristics
Soil
(irain si/f, moisture conlenl.
density, and allerberg limils

('lay Mineralogy

TOC

Bottles and Jars

I;i>ur 8-oz wide mouth
glass jars

Two 8-oz wide mouth
glass jars

One 4-oz wide mouth
glass jar

Preservation

NONE

NONE

Iced to 4 C

Holding lime'

Not established

Not established

28 days

Volume of Samples

[•ill 3/4 full

I ill 3/4 full

I ill 3/4 full

Shipping Nimual I'ackaging'

Ship by carrier Vermiciiliic

Ship by camel Veimiciililr

Ship by carrier Verinicuhle

Notes:
1. Ihrse are technical holding times, which are started from the day of sample collection.
2. Ihc packing material should completely cushion the sample bottles - bolllom, sides and lop.

(Waullel.niassl I|60g51 (JAIT Table 12
CAW/caw/JAII



Table 1-3
Summary of Data Generating Activities and Associated Quality Objectives

H.U.U. l-andfill RI/FS

I'age 1 of 2

Activity

PHYSICAL INVESTIGAIION
ilydrogeologic Evaluation Eight borings laken in

areas specified in the
Work Plan.

Intended Data Usages

Confirm glacial stratigraphy.

Parameters

Grain Size

Data Quality
Objective

Level III data

Anlitirutlcd No. of
Investigative

Samples

16

SOURCH CHARACTERIZATION
Landfill Cap Evaluation

On site Surface Soil and
Sediment Sampling

Lc.nh.ilc Sampling

Landfill Gas I'robe Installation

Landfill Gas Sampling

Collect samples of the
clay cap.

Collection of on-sile
surface soil/sediments in
likely soil/sedinteni
deposition areas.

Collection of leachale
samples.

Installation of multi-
stage landfill gas probes
in the same borehole as
each new leachale
piezometer.

Collection of landfill
gas from leachate
piezometers and/or gas
well flares.

Evaluate the effectiveness
of the existing cap.
landfill cap evaluation will
provide data used to perform
percolation analysis.

Contaminant characterization.

Chemically characterize ihe
leachale composition.

Assess methane gas production.

Chemically characterize
landfill gas, and assess Ihe
potential for contamination of

(irain Size. Alterberg
Limits, Natural Moisture
Content, Density, and
Clay Mineralogy

TCL, TAL
Grain Size, Alterberg
Limits, TOC, and Natural
Moisture Content

TCL, TAL
Indicators'
pll, Conductivity,
Temperature, Dissolved
Oxygen, and Redox (field)

Methane, Oxygen, and
Carbon Dioxide (field)

VOCs
Methane. Oxygen, and
Carbon Dioxide (field)

Level III data 10

Level IV data
Level III data

Level IV data
Level V data
Level II data

Level II data

Level V data
Level II data

up to .1°.
mea-smc
per rixind



Table 1-3
(continued)

Page 2 of 2

Activity

Landfill Itorings

Description

Drill approximately five
landfill borings along
the southern perimeter of
the "old" landfill.

Intended Data Usages

Determine the subsurface
conditions and evaluate the
feasibility of constructing
a barrier along the perimeter
of the landfill to contain
leachate.

Parameters

(irain Size

Data Quality
Objective

Level III data

Anliripalfil No. of
Investigative

Samples

IU

DEHNE NATURE AND EXTENT OF CONTAMINATION
Gruundwaler Monitoring

Municipal/Private Well Monitoring

llydrologic Evaluation/Surface
Water Sampling

Obtain water level
measurements. Conduct
in-silu hydraulic con-
ductivity tests. Install
new wells, and sample and
analyze the existing and
new monitoring wells.

Sampling private and
municipal wells in the
vicinity of the Site.
Sampling to be performed
by Lake County Health
Department.

Measure the surface water
levels, flow, and inspect
the Sequoit Creek banks.

Evaluate potential groundwaler
flow paths, confirm hydraulic
conductivity results with
previous data, assess ground-
water contamination migration
pathway, and characterize
groundwaler quality.

Characterize the water quality.

Evaluate the potential for
surface water contamination and
characterize the surface water
quality.

TCL, TAL
Indicators'
pll, Conductivity,
Temperature, Dissolved
Oxygen, and Redox (field)

Low level TCL and TAL
pll, Conductivity, and
Temperature

TCL, TAL
pll. Conductivity,
Temperature, Dissolved
Oxygen, and Redox (field)

Level IV data
Level V data
Level II data

16
16
16

I.eve) IV data
Level II data

Level IV data
Level II data

Notes:
1. Indicator parameters consist of: chloride, sulfale, alkalinity, hardness, nitrate N, nilrile-N, ammonia, TOC, and IDS
2. Grain Size = Sieve plus Hydrometer Analyses

IWautlel.massI l|60953 QAPP lable 1-3
CAW/caw/JAH
60953 revised VI1/92
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Table 3-1
Target Compound List

and Contract Required Quantitatkm Limits - Organics

Compound

1.
2.
3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

31.
32.
33.

Volatites
Chloromethane
Bromome thane
Vinyl chloride
Chloroethane
Methylene chloride

Acetone
Carbon disulfide
1,1-Dichloroethene
1,1-Dichloroe thane
1,2-Dichloroethene (total)

Chloroform
1,2-Dichloroe thane
2-Butanone
1,1,1-Trichloroe thane
Carbon tetrachloride

Bromodichloromethane
1 ,2-Dichloropropane
cis- 1 3-Dichloropropene
Trichloroethene
Dibromochloromethane

1,1,2-Trichloroethane
Benzene
trans- 1 ,3-DichJoropropene
Bromoform
4-Methyl-2-pentanone

2-Hexanone
Tetrachloroethene
Toluene
1 . 1 ,2,2-Tetrachloroe thane
Chlorobenzene

Ethylbenzene
Styrene
Xylenes (total)

Quantitation Limits'

Water Low Soil Medium Soil
(ug/1) (ug/kg) (us/kg)

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200



Tabk3-l
(continued)

Compound

S«mi-vola tiles
34. Phenol
35. bis(2-Chloroethyl) ether
36. 2-Chlorophenol
37. 1.3-Dichlorobenzene
38. 1,4-Dichlorobenzene

39. 1,2-Dichlorobeznene
40. 2-Methylphenol
41. 12 '-oxybis-(l -Chloropropane)
42. 4-Methyhphenol
43. n-Nitroso-di-n-dipropylamine

44. Hexachloroethane
45. Nitrobenzene
46. Isophorone
47. 2-Nitrophenol
48. 2,4-Dirnethylphenol

49. bis(2-Chloroethoxy) methane
50. 2.4-Dichlorophenol
51. 1.2,4-Trichlorobenzene
52. Naphthalene
53. 4-Chloroaniline

54. Hexachlorobutadiene
5 5. 4-Chloro-3-methy Iphenol
56. 2-Methylnaphthalene
57. Hexachlorocyclopentadiene
58. 2.4,6-Trichlorophenol

59. 2.4,5-Trichlorophenol
60. 2-Chloronaphthalene
61. 2-Nitroaniline
62. Dimethylphthalate
63. Acenaphthylene

64. 2,6-Dinitrotoluene
65. 3-Nitroaniline
66. Acenaphthene
67. 2,4-Dinitrophenol
68. 4-Nitrophenol

QuantJtation Limits1

Water Low Soil Medium Soil
(ug/1) (ug/kg) (ug/kg)

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 ' 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

25 800 25000
10 330 10000
25 800 25000
10 330 10000
10 • 330 10000

10 330 10000
25 800 25000
10 330 10000
25 800 25000
25 800 25000



Table 3-1
(continued)

Compound

69. Dibenzofuran
70. 2,4-Dinitrotoluene
71. Diethylphthalate
72. 4-CWorophenyl-phenyl ether
73. Fluorene

74. 4-Nitroaniline
75. 4,6-Dinitro-2-methylphenol
76. n-Nitrosodiphenylamine
77. 4-Bromophenyl-phenyl ether
78. Hexachlorobenzene

79. Pentachlorophenol
80. Phenanthrene
81. Anthracene
82. Carbazole
83. Di-n-butylphthalate

84. Fluoranthene
85. Pyrene
86. Butylbenzylphthalate
87. 3,3'-Dichlorobenzidine
88. Benzo(a)anthracene

89. Chrysene
90. bis(2-Ethylhexyl)phthalate
91. Di-n-ocylphthalate
92. Benzo(b)fluoranthene
93. Benzo(k)fluoranthene

94. Benzo(a)pyrene
95. Indeno(l,23-cd)pyrene
96. Dibenzo(aji)anthracene
97. Benzo(g,h,i)perylene

Quanritation Limits'

Water Low Soil Medium Soil
(ug/1) (ug/kg) (ug/kg)

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

25 800 25000
25 800 25000
10 330 10000
10 330 10000
10 330 10000

25 800 25000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000



Table 3-1
(continued)

Compound

Pesticides/PCBs
98. alpha-BHC
99. beta-BHC
100. delta-BHC
101. gamma-BHC (Lindane)
102. Heptachlor

103. Aldrin
104. Heptachlor epoxide
105. Endosulfan I
106. Dieldrin
107. 4,4'-DDE

108. Endrin
109. Endosulfan II
110. 4,4'-DDD
111. Endosulfan sulfate
112. 4,4'-DDT

113. Methoxychlor
114. Endrin ketone
115. Endrin aldehyde
116. alpha-Chlordane
117. gam ma-Chlordane

118.
119.
120.
121.
122

Toxaphene
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242

123. Aroclor-1248
124. Aroclor-1254
125. Aroclor-1260

Water
(ug/1)

0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.10
0.10

0.10
0.10
0.10
0.10
0.10

0.50
0.10
0.10
0.05
0.05

5.0
1.0
2.0
1.0
1.0

1.0
1.0
1.0

Quantitation Limits;

Low Soil
(ug/kg)

1.7
1.7
1.7
1.7
1.7

1.7
1.7
1.7
3.3
3.3

3.3
3.3
3.3
3.3
3.3

17
3.3
3.3
1.7
1.7

170
33
67
33
33

33
33
33

Medium Soil
(ugAg)

1.7
1.7
1.7
1.7
1.7

1.7
1.7
1.7
3.3
3.3

3.3
3.3
3.3
3.3
3.3

17
3.3
3.3
1.7
1.7

170
33
67
33
33

33
33

Notes:
1. Quantitation limits listed for soil/sediment are based on wet weight. The quantitation limits calculated by the

laboratory for soil/sediment, calculated on a dry weight basis as required by the method will be higher.

[Waulleunasjl 1]60953 QAPP Table 3-1
CAW/caw/
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Analvte

Table 3-2
Target Analyte List and

Contract Required Detection Limits - Inorganics

Contract Required '
Detection Limit

fug/L)

200
60
10

200
5

5
5000

10
50
25

100
3

5000
15

0.2

40
5000

5
10

5000

10
50
20
10

1. Subject to the restrictions specified in the first page of Part G, Section IV of Exhibit D (Alternate Methods -
Catastrophic Failure) any analytical method specified in SOW ILM02.0. Exhibit D, may be utilized as long as
the documented instrument or method detection limits meet the Contract Required Detection Limit (CRDL)
requirements. Higher detection limits may only be used in the following circumstance:

1.
"»

3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.

Notes:

Aluminum
Antimony
Arsenic
Barium
Beryllium

Cadmium
Calcium
Chromium
Cobalt
Copper

Iron
Lead
Magnesium
Manganese
Mercury

Nickel
Potassium
Selenium
Silver
Sodium

Thallium
Vanadium
Zinc
Cyanide

If the sample concentration exceeds five limes the detection limit of the instrument or method in use, the values



Table 3-2
i continued)

may he reported even though the instrument or method detection l imi t may not equal the CRDL. This is
illustrated in the example below:

For lead:
Method in use = ICP
Instrument Detection Limit (IDL) = 40
Sample concentration = 200
CRDL=3

The value of 200 may be reported even though the instrument detection limit is greater than the CRDL. The
instrument or method detection limit must he documented as described in SOW ELM02.0, Exhibit E.

2. The CRDL are the instrument detection limits obtained in pure water that must be met using the procedure in
Exhibi t E. The detection limits for samples may be considerably higher depending on the sample matrix.
Soil/sediment detection limits are approximately 200 times the CRDLs noted for water, and may vary as the
soil/sediment results are reported on a dry weight basis. Soil/sediment results are reported in mg/kg.

3. This table is extracted from the Inorganic SOW FLM02.0 (Exhibit O.

[Wautlet.mass 11)6095? QAPP Table 3-2
CAW/caw/JAH
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Table 3-3
Target Compound List

and Contract Required Quantitation Limits
Low Concentration Water Organics

Compound

Volatile*
1. Chloromethane
2. Bromomethane
3. Vinyl chloride
4. Chloroethane
5. Meihvlene chloride

Quantitaiion Limits'
Water
(U2/L)

6. Acetone
7. Carbon disulfide
8. 1,1 -Dichloroethene
9. 1,1 -Dichloroethane
10. cis-1.2-Dichloroethene

11. trans-1.2-Dichloroethene
12. Chloroform
13. 1.2-Dichloroethane
14. 2-Butanone
15. B romochl oromethane

16.
17.
18.
19.
20.

21.
11

23.
24.
25.

26.
27.
28.
29.
30.

31.
32.
33.
34.
35.

1,1,1 -Trichloroethane
Carbon tetrachloride
Bromodichloromethane
1,2-Dichloropropane
cis-1,3-Dichloropropene

Trichloroethene
Dibromochloroinethane
1,1,2-Trichloroeihane
Benzene
irans-1,3-Dichloropropene

Bromoform
4-Methyl-2-pentanone
2-Hexanone
Tetrachloroethene
1,1,2.2-Tetrachloroethajie

1,2-Dibromoinelhaiie
Toluene
Chlorobcnzene
Eiliylhenzene
Sivrene
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Table 3-3
(continued)

Quanutation Limits'
Water

Compound (ue/L)

36. Xylenes (total) 1
37. 1,3-Dichlorobenzene 1
38. 1,4-Dicblorobenzene 1
39. 1.2-Dichlorobenzene 1
40. l,2-Dibromo-3-chloropropane 1

Se mi-vola tiles
41. Phenol 5
42. bis(2-Chloroethyl) ether 5
43. 2-Chlorophenol 5
44. 2-Methylphenol 5
45. 2.2"-oxybis-(l-Chloropropane) 5

46. 4-Methylphenol 5
47. n-Nitroso-di-n-dipropylamine 5
48. Hexachloroethane 5
49. Nitrobenzene 5
50. Isophorone 5

51. 2-Nitrophenol 5
52. 2,4-Dimethylphenol 5
53. bis(2-Chloroethoxy) methane 5
54. 2,4-Dichlorophenol 5
55. 1,2,4-Trichlorobenzene 5

56. Naphthalene 5
57. 4-Chloroaniline 5
58. Hexachlorobutadiene 5
59. 4-Chloro-3-metbylphenol 5
60. 2-Metnylnapbthalene 5

61. Hexachlorocyclopentadiene 5
62. 2,4,6-Trichlorophenol 5
63. 2,4,5-Trichlorophenol 20
64. 2-Cb.loronaphthalene 5
65. 2-Nitroaniline 20

66. Dimethylphthalale 5
67. Acenaphthylene 5
68. 2,6-Dinitrotoluene 5
69. 3-NitroaniIine 20
70. Acenaphthene 5



Pa'.'e 5

Tahle 3-3
(continued)

Quantiuiuon Limits'
Water

Compound tug/D

71. 2,4-Dinitrophenol 20
72. 4-Nitiophenol 20
73. Dibenzofuran 5
74. 2.4-Dinitrotoluene 5
15. Diethylphthalate 5

76. 4-Chlorophenyl-phenyl ether 5
77. Fluorene 5
78. 4-Niiroaniline 20
79. 4,6-Dinitro-2-methylphenol 20
80. n-Nitrosodiphenylamine 5

81. 4-Bromophenyl-phenyl ether 5
82. Hexachlorobenzene 5
83. Pentachlorophenol 20
84. Pbenanthrene 5
85. Anthracene 5

86. Di-n-butylpbthalate , 5
87. Fluoranthene 5
88. Pyrene 5
89. Butylbenzylphthalate 5
90. 3.3'-Dichlorobenzidine • 5
91. Benzo(a)anthracene 5

92. Chrysene 5
93. bis(2-Ethylhexyl)phthalate 5
94. Di-n-ocylphthalate 5
95. Benzo(b)fluoranthene 5
96. Benzofk)fluoranthene 5

97. Benzo(a)pyrene 5
98. lndeno(l,2,3-cd)pyrene 5
99. Dihenzo(a,h)anthracene 5
100. Benzo(g,h,i)perylene 5

Pesticides/PCBs
101. aJpha-BHC 0.01
102. beu\-BHC 0.01
103. delui-BHC 0.01
104. gainma-BHC (Lindiine) 0.01
105. Hepuichlor 0.01
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Tahle 3-3
(continued)

Quaimtation Limits'
Water

Compound (ug/L'i

106. Aldrin 0.01
107. Heptachlor epoxide 0.01
108. Endosulfan I 0.01
109. Dieldrin 0.02
110. 4,4'-DDE 0.02

111. Endrin 0.02
112. Endosulfan II 0.02
113. 4,4'-DDD 0.02
114. Endosulfan sulfate 0.02
115. 4,4'-DDT 0.02

116. Methoxychlor 0.10
117. Endrin ketone 0.02
118. Endnn aldehyde 0.02
119. alpba-Chlordane 0.01
120. gamma-Chlordane 0.01

121. Toxaphene 1.0
122. Aroclor-1016 0.20
123. Aroclor-1221 0.20
124. Aroclor-1232 0.40
125. Aroclor-1242 0.20

126. Aroclor-1248 0.20
127. Aroclor-1254 0.20
128. Aroclor-1260 0.20

Notes:
1. This table was extracted from the low level detection SOW OLC01.0.

[Wautlel.massl 116095? QAPP Table ?-?
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Table 3-4
Target Analyte List and

Required Detection Limits
Low Concentration Water Inorganics

Analvte

1.
2
3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.

Aluminum
Antimony
Arsenic
Barium
Beryllium

Cadmium
Calcium
Chromium
Cobalt
Copper

Iron
Lead
Magnesium
Manganese
Mercury

Nickel
Potassium
Selenium
Silver
Sodium

Thallium
Vanadium
Zinc
Cyanide

Required
Detection Limit

(ug/L)

10
5

0.5
200
0.5

5
1000

10
50
25

100
2

1000
15

0.2

40
1000

5
10

1000

10
50
20
10

[Wautlet.massl I ]60Q5? QAPP Table ?-4
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Table 3-5
Landfill Gas Volatile Organic List and

Required Detection Limits

Reporting Limit
Volatile Compound ppb (vol/vol)

Dichlorodifluoromethane 2
Chloromethane 2.5
1,2-Dichloro-1,1.2,2-Tetrafluoroethane 2
Vinyl Chloride 2.5
Bromomethane 3
Chloroethane 5
Trichlorofluoromethane 1
cis-l,2-Dichloroethene 2
Carbon Disulfide 10
l,l,2-Trichloro-l,2,2-Trifluoroedaane 2
Acetone 10
Methylene Chloride 4
trans-1,2-Dichloroethene 4
Hexane 8
1,1-Dichloroetbane 2.5
Vinyl Acetate 2.5
1,1-Dichloroethene 2
2-Butanone 3
Chloroform 2
1,1,1-Trichloroethane 2
Carbon TetrachJoride 2
Benzene 3
1,2-Dichloroetbane - 2
Trichloroethene 2.5
1,2-Dichloropropane 8
1,4-Dioxane 7
Bromodichloromethane 2
cis-l,3-Dichloropropene 3
4-Methyl-2-Penumone 3
Toluene 3
trans- 1,3-Dichloropropene 3
1,1,2-Trichloroethane 3
Tetrachloroethene 3
2-Hexanone 5
Dibroinochloromethane 3
1,2-Dibromomeihane 2
Chlorobenzene 2.5
Ethylbenzene 2.5
Total Xylenes 5
Stvrcne 7
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Table 3-5
(continued)

Volatile Compound

Bromoform
1,1.2,2-Tetrachloroethane
Benzyl Chloride
4-Eibyl Toluene
1,3.5-Trimethylbenzene
1.2,4-Trimetbylbenzene
1.3-Dichlorobenzene
1.4-Dichlorobenzene
1,2-Dichlorobenzene
1,2,4-Trichlorobenzene
Hexachlorobutadiene

Reporting Limit
ppb i vol/vol)

i
4

4
2.5
3
3
4
5
7
5

[Wautleumass 11 )6095? QAPP Table 3-5
CAW/caw/JAH
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Table 3-6
Indicators, Field Measurements, and Physical Characteristics

Parameter Lists and Required Detection Limits

Required Detection
Indicator Parameter Limit (mg/L)

Alkalinity 5
Chloride 3
Hardness 5
Sulfate 5
Total Organic Carbon 0.1
Total Dissolved Solids 10
Nitrate Nitrogen 0.10
Nitrite Nitrogen 0.01
Ammonia Nitrogen 0.10

Field Measurement Required Detection
Parameter Limit

pH (s.u.) to nearest 0.05 pH unit
Conductivity @25 Deg. C (umhos/cm) 10
Temperature (Deg. C) to nearest 0.5 degree
Redox Potential (mV) to nearest 1 mV
Dissolved Oxygen (mg/L) 1
Oxygen (%) 1
Methane (%) 1
Carbon Dioxide (%) 1

Physical Characteristic Required Detection
Parameter Limit

Grain Size
Atterberg Limits
Natural Moisture Content (%) 0.1
Density
Total Organic Carbon (mg/kg) 100

Clay Mineralogy by X-ray Diffraction
(weight percent of fraction analyzed) 1

[\Vamlet.massl I|«W5? QAlTTahle ?-6
CAW/caw/JAH
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Tahle 3-7
Summary of Quality Control Requirements

H.O.D. Landfill Site RJ/FS

Parameter

TCL Organics

TAL Inorganics

Low Level TCL Organics

Low Level TAL Inorganics

Audit' Frequency'
Quality Control'

Criteria

Requirements per OLM01.8 (or most current)

Requirements per ILM02.0 (or most current)

Requirements per OLC01.0 (or most current)

Requirements per ELM02.0 (or most current)

Alkalinity, Chloride, Hardness,
Sulfate, Nitrate Nitrogen,
Nitrite Nitrogen, and TOC

ICB/CCB After calibration, every
10 samples, and at the
end of the run.

ICV/CCV After calibration, every
10 samples, and at the
end of the run.

EPA QC Reference 1 per set
Standard

Duplicate

Matrix Spike

1 per 10 samples

1 per 10 samples

<DL

90 - 110 <7c Recovery

80-120 % Recover,'

10<7rRPD(+2xDLif
sample concentration
is <5 x DL)

85- 115 <7r Recover,'

Total Dissolved Solids
Lab Blank 1 per set

EPA QC Reference 1 per set
Standard

Duplicate 1 per 10 samples

<DL

80- 120% Recover,'

10<7r RPD(+2xDLi f
sample concentration
is <5 x DL)



Tahle 3-7
(continued)

Parameter

Ammonia Nitrogen

Audit ' Frequency'
Quality Control'

C'riteria

ICB/CCB After calibration, every
10 samples, and at the
end of the run.

ICV/CCV After calibration, every
10 samples, and at the
end of the run.

PB 1 per set

EPA QC Reference 1 per set
Suuidard

Duplicate 1 per 10 samples

Matrix Spike 1 per 10 samples

<DL

90- 110 % Recovery

<DL

80- 120 % Recovery-

10% RPD (+2xDL if
sample concentration
is <5 x DL)

85- 115% Recovery

Grain Size, Natural Moisture
Content, Atterberg Limits, and
Density

Lab Duplicate 1 per 10 samples 40% RPD or <2% by
weight

pH (Field)
Check Standard 1 per 10 samples

Duplicate 1 per 10 samples

+ 0.05 pH unit of
buffer selection

+ 0.2 pH unit

Specific Conductance (Field)
Check Standard 1 per 10 samples

Duplicate 1 per 10 samples

+ 5% of standard

15%RPD(+2xDLif
sample concentration
is <5 x DL)

Dissolved Oxygen (Field)
Duplicate 1 per 10 samples 20% RPD

Kedox Potential (Field)
Check Standard

Duplicate

per I ((samples

per 10 samples

+ 10 MV of true value

20% RPD



Table 3-7
(continued)

Pane ? of 3

Parameter Audit1 Frequency*
Quality Control'

Criteria

Methane, Oxygen and Carbon
Dioxide (Field)

Duplicate 1 per 10 samples 20<7r RPD

Notes:
1. ICB/CCB = Iniual and Continuing Calibration Blank, ICV/CCV = Initial and Continuing Calibration Check Standard,

and PB = Preparation Blank. The preparation blank will be carried through the entire procedure inc luding any
digestion/distillation steps. Instruments are calibrated daily. Reanalysis and/or recalibration is triggered when quality
control criteria are not met.

2. Frequencies apply to each individual matrix.

3. DL = Detection Limit and RPD = Relative Percent Difference. Refer to Tables 3-1, 3-2, 3-3, 3-4, 3-5, and 3-6 for
required detection limits for each analyte.

[wautlet.mass 11 )5095? QAPP Table 3-7
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Table 7-1
Summary of Analytical Methods

H.O.D. Landfill RI/FS

Parameter

TCL Volatiles

TCL Semi-volatiles

TCL Pesticides/PCBs

TCL Volatiles (Low level
detection)

TCL Semi-volatiles (Low level
detection)

TCL Pesticides/PCBs (Low level
detection)

Landfill Gas Volatiles

TAL Inorganics

TAL Inorganics (Low level
detection)

Alkalinity
Hardness
Ammonia Nitrogen
Total Dissolved Solids
Chloride
Sulfate
Nitrate Nitrogen
Nitrite Nitrogen
Total Organic Carbon (water)
Total Organic Carbon (soil)

SOP'

SOWOLM01.8

SOWOLM01.8

SOWOLM01.8

SOWOLC01.0

SOWOLC01.0

SOWOLC01.0

CRL-LM-7001

SOW ILM02.0

LE-RMA-2000 (ICP),
LM-RMA-2033 (AA),
and SOW ILM02.0

LM-RMA-1071
LM-RMA-1090
LM-RMA-1114
LM-RMA-1060
LM-RMA-1025
LM-RMA-1025
LM-RMA-1025
LM-RMA-1041
LM-RMA-1066
ED522902

Method3

EPA624

EPA625

EPA608

EPA 524.2

EPA625

EPA 608

EPA Compendium
Method TO-14

EPA 200.7 (ICP)
EPA 200 (AA)
EPA 245 (Mercury)
EPA 335 (Cyanide)

EPA 200.7 (ICP)
EPA 200 (AA)
EPA 245 (Mercury)
EPA 335 (Cyanide)

EPA 120.1
EPA 130.2
EPA 350.1
EPA 160.1
EPA 300.0
EPA 300.0
EPA 300.0
EPA 354.1
EPA 415.1
EPA 415.1 and
SW8469060



Table 7-1
(continued)

Pase : of 2

Field Measurements
PH
Specific conductance
Temperature
Redox potential
Dissolved Oxygen
Methane and Oxygen
Carbon Dioxide

PH
CONDYSI
TEMPFC
REDOX
YSIDO
GASTECHTOR

EPA 150.1
EPA 120.1
EPA 170.1
Bechman pH Meter Instruction Manual
YSI Meter Instruction Manual
Gastech Model 1939 Instruction Manual
Sensidyne Instruction Manual

Physical Characteristics
Grain Size Analysis
Atterberg Limits
Natural Moisture Content
Density
Clay Mineralogy

ASTMD422, D1140
ASTMD4318, D427
ASTMD2216
ASTM D854
Refer to SOP in Appendix B

[wautlet.mass 11 ]60953 QAPP Table 7-1
CAW/caw/JAH
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ID
1

2

3

4

5

6

7

8

9

10

II

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Name
HOD LANDFILL RI/I-S

Admin. Order by Coasenl Signed

PLANNING DOCUMENTS

TASK 1: Work Plan

Prepare I>rafl Work Plans (WPs)

Draft WPs (PSER/TS) to EPA

EPA Review/Comment

Revise PSER/TS

FinalPSER/TSloEPA

EPA Review/Approve PSER/TS

TASK 2: Project Plans

Prepare draft Project Plans (PPs)

Draft PPs to EPA

EPA Review/Comment on PPs

Revise PPs

Final PPs to EPA

EPA Review/Approve PPs

Meeting w/WMIIA EPA

REMEDIAL INVESTIGATION

Mobilization to Site

Prepare Staging Area

TASK 3: Site Investigation (Phase I)

Physical Characterization

Hydrogcologic Eval.

llydrologic E valuation

Soil/Sediment Evaluation

Air Evaluation

Human Population Evaluation

Ecological Evaluation

File Name:HOD5 92E.MPP Sell
Date: 8/19/92
Page:1

FIGURE 1-2
H.O.D. LANDFILL RI/FS

ANTIOCH, ILLINOIS
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eduled Activity Î SSSXSĴ S^NS^SN Milestone (« Summary ^^__ ———— — v

d = work days ed «= elapsed calendar days w » work weeks
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H.O.D. LANDFILL RI/FS

ANTIOCH, ILLINOIS

ID
30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Name Duration
Source Characterization 125.38ed

Cap Evaluation 34d

Leach Collect Sys. Hval 2d

On-Siic Soil/Sed. Sampling/Analysis lOw

I.eachale Piez./Cias Probes I6d

Downhole Gamma Logging 8d

Landfill Gas Sampling/Analysis lOw

Leachate Sampling/Analysis lOw

Landfill Borings 3d

Construct Perimeter Borings 3d

Off-Site Source I-valualion 2w

Migration Palli./Contaminanl Char. 1 16.38ed

Groundwaler Sampling/Analysis 1 1 w

Private/Muni. Well Sampling/Analysis 1 Iw

Surface Water Sampling/Analysts 1 Iw

Soil/Sediment Sampling/Analysis lOw

TASK 4: Site Investigation Analysis 49.38ed

Perform Site Invest. Analysis 6w

Tech Memo #1 6.38ed

Prepare Memo Iw

Tech Memo * 1 loEPA Od

TASK 5: Baseline Risk Assessment 278ed

lech Memo #2 (BRA - TWP) I02ed

Prepare BRA -TWP 40d

BRA - TWP to I-PA Od

HPA Review / Comment 45ed

Baseline Risk Assessment I76ed

Prepare Draft BRA Report 8w

Draft BRA Report to I-PA Od
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ID
59

60

61

62

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

Name
EPA Review/Comment

Revise BRA Report

Final BRA Report lo F.PA

FPA Review/Approve BRA

TASK 6: Treatabilily Studies

TASK 7: RI Report

Prepare Draft RI Report

Draft RI Report loEPA

EPA Review / Comment

Revise RI Report

Final RI Report lo EPA

EPA Review/Approve RI Report

TASK 8: Community Relations

FEASIBILITY STUDY

TASK 9: Interim Actions

TASK 10: Devlp Rem Act Alt

Develop Remedial Alternatives

Tech Memo #3 (Altern. Array Doc.)

Prepare Memo

Tech Memo #3 lo EPA

TASK 1 1 : Screening Alternatives

Screen Alternatives

TASK 12: Treat. & Supplemental RI
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1

OBJECTIVES

The primary objective of the activities described in the Sampling and Analysis
Plan (SAP) is to obtain representative data to be used for the Remedial
Investigation/Feasibility Study (RI/FS) Analysis. Sampling activities described in
this plan will be performed to complete the site investigation activities of the RI.
Documentation procedures are described in the Data Management Plan.

The RI will consist of physical characterization, source characterization, and
contaminant characterization. Data use objectives of the physical characterization
include:

• Confirmation of the site stratigraphy, hydrogeology, hydrology, and
ecology

Data use objectives of the source characterization site investigation include:

• Location and extent of contaminant source areas

Investigation of chemical and physical characteristics

Data use objectives for the contaminant characterization include:

• Determination of potential migration pathways

• Evaluation of the magnitude and extent of groundwater contamination

• Evaluation of soil, surface water, sediment and air contamination
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SCOPE

This Sampling and Analysis Plan (SAP) describes the procedures and practices
(Section 5) to be used in obtaining site investigation data for use in the RI/FS.
This plan also includes a description of sampling locations and number of samples
(Section 3), the sample designation system (Section 4), decontamination and
investigative waste disposal procedures (Section 6), and sample handling (Section
7) and sample documentation (Section 8) methods to be employed. The field
activities, discussed in this report, include:

• Physical characterization
soil borings/soil sampling

• Source characterization
landfill cap evaluation
leachate collection system effectiveness (no sampling involved)
on-site surficial soil and sediment sampling
leachate piezometer installation (no sampling involved)
landfill gas probe installation
downhole gamma logging (no sampling involved)
leachate sampling
landfill gas sampling
landfill borings

• Contaminant characterization
groundwater sampling
private and municipal well sampling
surface water sampling
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SAMPLING LOCATIONS AND
NUMBER OF SAMPLES

3.1 PHYSICAL CHARACTERIZATION

The physical investigation will consist of a hydrogeologic evaluation designed to
evaluate glacial stratigraphy around the perimeter of the Site. The evaluation will
be accomplished by drilling eight soil borings around the perimeter of the Site
through native unconsolidated deposits. The locations of the borings are specified
in Table 8 and Drawing 60953-F10, both included in Volume 1 of 3 of the Work
Plan.

Up to 16 soil samples, and 2 field duplicates will be analyzed for grain size.

3.2 SOURCE CHARACTERIZATION

Source characterization sampling and analysis activities will include landfill cap
evaluation, on-site surface soil and sediment sampling, leachate sampling, landfill
gas probe installation and landfill gas sampling, and landfill borings.

3.2.1 Landfill Cap Evaluation
Approximately 10 test pits will be performed to aid in evaluating the effectiveness
of the existing cap to minimize infiltration of precipitation. Ten soil samples and
one field duplicate will be collected and analyzed for grain size, Atterberg limits,
natural moisture content, in-place density, and clay mineralogy using x-ray
diffraction.

Test pits will be excavated using a backhoe. Field observations including density
and nature of cover vegetation, root penetration, and evidence of inhomogeneities
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in the cap will be recorded in a field notebook. Test pit profiles will be recorded
on test pit logs.

3.2 3, On-Site Surface Soil and Sediment Sampling
On-site surficial soil and sediments will be collected in likely deposition areas in
order to characterize contaminants. One sample from each of five areas of
deposition (determined during site inspections) will be collected and analyzed for
TCL organic s, TAL inorganics, total organic carbon (TOC), grain size, natural
moisture content, and Atterberg limits. One duplicate sample will also be
collected and analyzed for the same parameters.

Two soil samples will also be collected as matrix spike/matrix spike duplicate
(MS/MSD) samples.

3.23 Landfill Gas Probe Installation
In order to assess methane gas production within the landfill, multi-stage landfill
gas probes will be installed in the same boreholes as each new leachate
piezometer. A total of thirteen new multi-stage gas probes will be installed. In
addition, five perimeter gas probes will be installed on-site outside of the landfill
area. Landfill gas monitoring will consist of monitoring percent methane,
oxygen, carbon dioxide, and VOCs.

3.2.4 Leachate Sampling
In order to chemically characterize the leachate composition, samples will be
collected from the following five locations: Manhole MHE and leachate
piezometers LP1, LP6, LP8 and LP1 1. One duplicate sample, one field blank,
and one MS/MSD will also be collected and analyzed.

Samples collected will be analyzed in the laboratory for TCL organics, TAL
inorganics, chloride, sulfate, alkalinity, total hardness, nitrate nitrogen, nitrite
nitrogen, ammonia nitrogen, TOC, and total dissolved solids (TDS). Field
analysis will be conducted on each sample to determine field pH, field specific
conductance, temperature, redox, and dissolved oxygen.

3.2.5 Landfill Gas Sampling
Approximately five landfill gas samples will be collected from landfill gas probes
associated with leachate piezometers and/or gas well flares. Landfill gas samples
will be collected at the following leachate piezometers: LP1, LP6, LP7, LP8, and
LP1 1. Samples will be analyzed in the field for methane, oxygen, and carbon
dioxide. Five investigative samples, one field blank and one duplicate collected
will be submitted for VOC analysis.
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3.2.6 Landfill Borings
In order to determine subsurface conditions and evaluate the feasibili ty of
const ruct ing a leachate barrier along the perimeter of the "old" l andf i l l ,
approximately five soil borings will be drilled along the southern perimeter of the
"old" landfill. Approximately ten soil samples (two from each boring) and one
field duplicate will be submitted for grain size analysis.

3.3 CONTAMINANT CHARACTERIZATION

Contaminant characterization activities will include groundwater monitoring
(water level measurements, in-situ hydraulic conductivity tests, new well
installation, and sampling of new and existing wells), municipal and private well
monitoring, and a hydrogeologic evaluation/surface water sampling.

3.3.1 Groundwater Monitoring
Eight monitoring wells will be installed at eight different locations around the
site.

Initially, water level measurements will be made at all monitoring wells. Single
well in-situ hydraulic conductivity tests will be conducted at selected existing and
new monitoring wells (see Work Plan Section 4.4.2). Prior to new monitoring
well installation, existing monitoring wells will be inspected to confirm that each
is functional and capable of being sampled.

Phase 1 groundwater sampling will consist of sampling the following wells and
analyzing for TCL/TAL parameters, alkalinity, chloride, hardness, sulfate, TOC,
total dissolved solids (TDS), nitrate nitrogen, nitrite nitrogen, and ammonia
nitrogen:

• USlSandlD • US3S, 31, and 3D
• US4Sand4D • W4S
• US6S,6Iand6D • W6S
• Gl lSandl lD • W7D
• W5S

3.32 Municipal/Private Well Monitoring
Municipal wells 3 and 5 and up to six private groundwater supply wells will be
sampled and analyzed for for TCL organics and TAL inorganics. One field
duplicate and field blank will be collected for each analysis. An MS/MSD sample
will also be collected and analyzed for TCL organics. Private well sampling will
be coordinated with the Lake County Health Department Field parameters will
consist of pH, conductivity and temperature.



Sampling and Analyiii PUn
H.O.D. Luxtfffl
September 1992

P»geA-6

3.3 J Surface Water Sampling
Three surface water samples will be collected for analysis of TCL organics and
TAL inorganics. One field duplicate and field blank will be collected for each
analysis. An MS/MSD sample will also be collected for TCL organic analysis.
Field parameters will consist of pH, conductivity, temperature, redox, and
dissolved oxygen.

During sampling, surface water levels and flow rates will be measured. A
physical inspection of the Sequoit Creek banks will also be conducted.

3.4 QUALITY ASSURANCE SAMPLING

Quality control samples will collected during sampling activities associated with
the physical characterization of soils, and the chemical characterization of
sediments/surface soils, leachate, landfill gas, groundwater and surface water.
Quality control samples will consist of sample duplicates, field blanks and matrix
spike/matrix spike duplicate (MS/MSD) samples as described below.

3.4.1 Field Blanks
For sediment and soil samples, no field blanks will be collected due to the
unavailability of suitable blank material. For water and leachate samples, one
field blank will be prepared for each type and container size. Field blanks will be
prepared according to the following schedule for each sampling activity:

• One field blank for every 10 or fewer samples collected; and

• For each sampling period, a minimum of one blank for each group of
parameters per sample matrix.

The field blank samples will be prepared using deionized water stored in poly-
ethylene containers. The water will be routed through the appropriate sampling
equipment following decontamination. Landfill gas field blanks will be prepared
by collecting a sample of ambient air after decontamination of the sampling
system.

3.4.2 Matrix Spike and Matrix Spike Duplicates (MS/MSD)
For water and leachate samples, one sample per group of 20 or fewer samples
collected for VOA and extracted organics analysis during each sampling activity
will be selected for MS/MSD analysis. MS/MSD samples will not be collected
for inorganic analysis.

For soil samples, two MS/MSD samples will be collected for organic analysis.
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3.43 Sample Duplicate
One duplicate sample will be collected for each increment of 10 or fewer samples
collected for each matrix during each sampling period. A duplicate sample will
consist of a sample obtained from the same sampling device as the original
sample.

3.4.4 Trip Blanks (TB)
A trip blank for VOC analysis will be included in each sample shipment
containing water matrix samples for VOCs. The trip blank will consist of two 40-
ml VOC vials filled with deionized water with a Milli-Q cleanup. It will be
prepared in the laboratory or office, transported to the field and shipped with the
other samples to the designated laboratory without being opened. It will be
packaged using standard procedures as for the other sample bottles.
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SAMPLE DESIGNATION

A sample numbering system will be used to identify each investigative and
quality control sample. Each sample identifier will include the project identifier
code, sample type and location code, and a sampling event code. The sampler
will maintain a log book containing the sample identification listings.

4.1. PROJECT IDENTIFIER CODE

A two-letter designation will be implemented to identify the sampling site. The
project identifier will be "HD" to signify the HOD Landfill Site in Antioch,
Illinois.

4.2. SAMPLE TYPE AND LOCATION CODE

Each sample collected will be identified by a two-letter code corresponding to the
sample type. Sample type codes to be used for the subtasks covered in this
sampling plan include:

• GW- groundwater sample from monitoring well
• SS - split spoon or soil boring sample
• SD - sediment sample
• SW - surface water sample
• SU - surface soil sample
• PW - groundwater from a private residential well or municipal well
• SC - soil sample collected from test pits of the clay cap
• LC - leachate sample
• LG - landfill gas

Other letter designators may be added for sample activities of later subtasks.
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The location code will follow the sample type code. The location code consists of
a two-to-five digit numeric or alpha-numeric code that indicates the sample
location. Surface water, sediment, field blanks, and air samples will use a
consecutive numbering system starting at 01, assigned in the field.

4.3. SAMPLING ROUND CODE/DUPLICATE CODE

A two-digit numerical code will be used to designate additional location
information. For soil samples, the Round code will represent the depth of the
sample in feet below the ground surface. Duplicate samples will be designated by
the Round code preceded by a 9. Matrix spike and matrix spike duplicate samples
are collected as additional sample volume at selected locations.

Although identified as such on chain-of-custody records, specific sampling codes
will not be provided for matrix spike or matrix spike duplicate samples.

4.4 EXAMPLES OF SAMPLE NUMBERS

Examples of sample number codes are as follows:

• HD-SSW5S-15 = HOD Landfill, split spoon sample from monitoring
well W5S at a depth of 15 feet

• HD-SCTP7-3 = HOD Landfill, soil sample of clay cap collected from at
Test Pit 7 a depth of 3 feet.
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GENERAL SAMPLING
EQUIPMENT AND PROCEDURES

5.1 SOIL BORINGS AND SOIL SAMPLING

5.1.1 Objective
The objective of this activity is to physically characterize the subsurface soils and
to confirm the local glacial stratigraphy.

5.1.2 Personnel and Responsibilities
A drill crew of two individuals will perform the borings for soil samples. A
geologist will supervise their efforts, collect soil samples and function as site
safety officer.

5.1 J Methods
Borings will be drilled using 4.25-inch inner diameter (ID) x 8.5-inch outer
diameter (OD) or 6.25-inch ID x 10.25-inch OD hollow stem augers. Soil
samples will be collected with split spoon samplers, visually classified in the field
by a geologist and placed into the appropriate sampling jars. Soil samples will be
collected at 2.5 foot intervals. Selected soil samples will be analyzed in the
laboratory for grain size. Two samples will be collected from each boring for
analysis.

Soil samples will be selected for analysis based on visual observations, sample
depth and stratigraphy.
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52 LANDFILL CAP EVALUATION

5.2.1 Objective
The objective of this activity is to evaluate the effectiveness of the existing cap.

5.2 J Personnel and Responsibilities
Test pits will be excavated by a crew of two individuals, one individual will
operate the backhoe under the supervision of a geologist. The geologist will
observe the excavation and record observations and function as the site safety
officer.

5.23 Methods
At each test pit location, topsoil will be carefully scraped away and placed to one
side. Cap materials will then be excavated and placed separately from the covered
materials. The on-site geologist will observe and describe and photodocument the
excavation and monitor air quality with a photoionization detector (PID).
Excavations will be terminated at approximately 5 to 6 feet or when the on-site
geologist and U.S. EPA oversight professionals agree that the cap profile has been
adequately evaluated.

Decontamination will include steam cleaning the backhoe bucket before the initial
excavation during each visit and between subsequent excavations to minimize
carry-over contamination.

5.3 SURFICIAL SOIL AND SEDIMENT SAMPLING

5.3.1 Objective
The objective of this activity is to chemically characterize site surficial
soils/sediments.

5.3.2 Personnel and Responsibilities
A crew of two individuals will collect samples.

5.33 Methods
Samples will be collected using a stainless steel trowel and will be transferred
directly to the appropriate sample jars. Samples will be analyzed in the laboratory
for U.S. EPA CLP TCL and TAL parameters, and physical parameters (pH, TOC,
grain size, natural moisture content, and Atterberg limits).
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5.4 LANDFILL GAS MONITORING

5.4.1 Objective
The primary objective of this activity is to monitor the presence of landfill gas
(LG) within and outside the landfill and, if found, conduct analysis to determine
percent methane, oxygen, and carbon dioxide, and the presence and
concentrations of volatile organic compounds (VOCs).

5.4.2 Personnel and Responsibilities
A geologist, hydrogeologist, or field engineer, and a technician, will be
responsible for obtaining landfill gas samples.

5.4 J Methods
Samples of landfill gas will be collected for VOC analysis in the following
manner

• Samples will be collected in canisters provided by the analytical
laboratory. Each canister is under vacuum, and has a valve opening.

• One end of tygon tubing will be attached to the canister, the other end
will be attached to the gas probe that has been purged suing a personal
sampling pump.

• The valve connecting the canister to the tubing will be opened for two
minutes, allowing the sample to collect in the canister.

• The valve will then be closed, and the tygon tubing disconnected.

• The canister will be stored in a cooler for shipment to the laboratory.

Percent methane, oxygen, and carbon dioxide will be measured in the field using a
GasTech or similar monitoring instrument.

5.5 LEACHATE SAMPLING

5.5.1 Objective
The primary objective of this activity is to chemically characterize leachate.

5.5.2 Personnel and Responsibilities
A team of two individuals will be responsible for the sampling.
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5.53 Methods
Each well will be sampled using a stainless steel bailer attached to stainless steel
cable. The sampling equipment will be cleaned between wells with a Liquinox or
other non-phosphate detergent solution and will be rinsed with deionized water.

Decontamination will include steam cleaning or high pressure hot water washing
the drilling equipment and tools between field boreholes and detergent washing
and water rinsing the split-spoon samplers after each collected sample.
Decontamination fluids and borehole cuttings will be containerized and stored in a
secure area pending results of groundwater and soil analyses. If borehole cuttings,
purge water, decontamination water are found to be contaminated, these materials
will be disposed of appropriately after consultation with EPA.

5.6 MONITORING WELL INSTALLATION
AND ASSOCIATED TESTING

5.6.1 Objective
The objective of this activity is to determine groundwater flow direction and
physical characteristics of the geologic media in the site area.

5.6.2 Personnel and Responsibilities
Groundwater monitoring wells will be installed and soil borings performed by a
drill crew of two individuals each. Monitoring well installation and soil borings
will be supervised by a geologist, who will collect soil samples and function as
the site safety officer. Water levels will be measured by a technician. Hydraulic
conductivity tests will be performed by a team of two individuals.

5.63 Methods
Monitoring Well Installation - Each boring will be drilled using 4.25-inch ID or
6.25-inch ID hollow stem augers from ground surface to the base of the boring.
Soil samples will be collected at ground surface and at 2.5 ft intervals to the base
of the boring. Split-spoon samples will be analyzed for grain size and Atterberg
limits (if appropriate). The purpose of these analyses is to confirm field
identification of soils and to assist in assessing subsurface soils as a contaminant
migration pathway. Soil samples will be field screened with a PID to assess
potential hazards to the field personnel.

Final soil boring logs will be prepared based on field observations, soil testing,
and laboratory sample classification. Soil samples and rock cores will be retained
by Warzyn for the respondents until termination of the RI/FS. Procedures for
sample handling are discussed in the QAPP.
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Monitoring wells will be constructed of 2-inch ID Schedule 40 PVC pipe. Water
table wells will be constructed with 10-ft long, PVC screens placed so the screen
is likely to intercept the water table. Piezometers will be constructed with 5 ft
long PVC screens.

The annular space between the well and the edge of the borehole will be
backfilled with clean silica sand to approximately 2 ft above the top of the well
screen. At water table wells, the remainder of the annulus will be backfilled with
granular bentonite. At piezometers, a fine silica sand or bentonite pellets will be
placed above the filter pack and bentonite slurry placed above the fine silica sand
or bentonite pellets. The remainder of the annular space will be backfilled with a
sodium based bentonite slurry. Where more than 5 ft of slurry needs to be placed,
a tremie pipe will be used. A locking steel protective casing will be installed at
the surface of each well.

A PBD will be used to monitor air quality for site safety purposes and to screen
soils for VOCs. Drill cuttings from the boreholes will be containerized if PID
readings exceed 5 ppm. Water used during the drilling operations and well
development will be containerized pending results of groundwater sample
analysis.

To minimize potential inadvertent contamination by drilling equipment and/or
inter-borehole contamination, steam cleaning will be used. The drill rig and
drilling tools will be steamed cleaned before mobilization onto the site. The
drilling tools coming into contact with site soils will be steam-cleaned between
each boring. Water from the steam cleaning will not be collected.

The split-spoon sampler will be cleaned in a liquinox or non-phosphate detergent
solution between samples. Water from split-spoon cleaning will not be collected.
Well pipe, screen and protective casings will be steam cleaned or washed with a
high pressure hot water washer before installation. Water from steam cleaning
will not be collected.

New monitoring wells will be developed by alternatively surging and purging
each wells using a bailer for a minimum of 30 min. After the surge and purge
cycles are completed, the well will be pumped until 10 well volumes are removed
or until the well produces sediment free water. Purged water will not be collected.

Water Level Measurements - Water levels in existing and new monitoring wells
will be measured. An electronic water level indicator will be lowered into the
observation wells until the water level is reached. Depths will be recorded to the
nearest 0.1 ft.
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In-Situ Hydraulic Conductivity Tests - Hydraulic conductivity will be
measured by drawdown testing in selected shallow water table wells and by air
pressure in deeper piezometers. Hydraulic conductivity testing will be conducted
after groundwater quality sampling. The methods to be used are as follows:

• Measure water level with a tape and sounding device or electronic water
level indicator.

• Place the pressure transducer into the well and allow approximately
three minutes for the probe to equilibrate to the water temperature and
pressure.

Install the well head device to seal the well head (for piezometers only).

• Enter the reference water level into the data logger and check the water
level using the pressure transducer until water level reading is stable.

• After a stabilized water level reading is obtained from the pressure
transducer, the well is pressurized with sufficient air pressure to displace
10 ft of water (0.4 PSI/ft of water) (for piezometers only).

• Air pressure is maintained until the water level reading from the'
transducer is constant (for piezometers only).

• The air pressure is then instantaneously released while running the
pressure transducer recorder in the log sampling mode (for piezometers
only).

• At water table wells a single bailer full is removed to reduce the water
level, while running the pressure transducer recorder in the log sampling
mode.

• The test results are immediately printed out to obtain a hard copy.

• Data are transferred to a micro-computer.

5.7 GROUNDWATER QUALITY SAMPLING

5.7.1 Objectives
The objective of groundwater sampling is to determine the nature, magnitude and
extent of groundwater contamination.
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5.72 Personnel and Responsibilities
A crew of two technicians will collect samples.

5.73 Methods
New and selected existing monitoring wells will be sampled dur ing the
investigation. Sampling will not be conducted for a minimum of two weeks after
well development. Several private wells and municipal wells may also be
sampled during the investigation. Groundwater sampling will proceed from wells
expected to have the lowest contaminant concentrations (based upon observations
during drilling and existing groundwater quality data), to the wells suspected of
having the highest contaminant concentrations. Each sampled well will be purged
immediately prior to sampling using a submersible sampling pump, stainless steel
bailer attached to stainless steel cable, or bladder pump. The volume of water
removed from the well will be measured so that a minimum of three well volumes
are removed. Groundwater samples will be collected immediately after well
purging has been completed. Samples to be analyzed for VOCs will be collected
first to minimize volatilization.

The sampling equipment and water level measurement tape will be cleaned
between wells with a Liquinox or another non-phosphate detergent solution and
rinsed with deionized water.

Groundwater sample blanks will be collected by pouring deionized water from the
sampling device into the sample bottles. Matrix spike/matrix spike duplicate
samples will be collected using the same device used for groundwater sample
collection. Duplicate samples for volatile organics analysis will be obtained by
alternately filling VOC vials for the primary and duplicate sample. The remainder
of the sample for inorganic analysis, will be split between the principle sample
and the duplicate sample.

5.8 SURFACE WATER CHARACTERIZATION

5.8.1 Objective
The objective of the surface water investigation is to chemically characterize
surface water.

Personnel and Responsibilities
A team of two technicians will collect surface water samples and provide their
own site safety monitoring.
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5.8 J Methods
VOC samples will be collected first to minimize volatilization. Samples for metal
analysis will be unfiltered. Surface water samples will be collected using stainless
steel dippers as sampling equipment . Sampl ing equipment wil l be
decontaminated using Liquinox or another non-phosphate detergent and rinsed
with deionized water.
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DECONTAMINATION AND
INVESTIGATIVE WASTE DISPOSAL

PROCEDURES

6.1 DECONTAMINATION PROCEDURES

Procedures to be followed to decontaminate equipment and personnel are
described in the Site Health and Safety Plan. The procedures are summarized
below.

Site Personnel Decontaminate Procedure:

Dispose of outer latex booties

• Wash boots in Liquinox bootwash

• Clean outer gloves in Liquinox wash solution (discard if too soiled to
clean thoroughly)

• Dispose of polycoated tyvek suits

• Dispose of surgical gloves

Wash hands in hand wash

• Wash face and neck in face wash

• Clean and sanitize face mask



Sampling and Analysis Plan
H.O.D. Landfill
September 1992

Page A-19

Site personnel will perform the above mentioned decontamination procedure at a
specified decontamination area prior to leaving the site.

Discarded clothing and other articles will be collected in double-lined, heavy duty
garbage bags.

Equipment and vehicle decontamination procedure:

• Decontamination will be performed prior to site entry

• Decontamination will be performed on-site

• Gross contamination will be removed with a brush and Liquinox
solution

• Steam cleaning or hot water high pressure washing will follow

The drilling equipment and the backhoe will be steam cleaned or high pressure
hot water washed, at a designated decontaminat ion area, between
boring/excavation locations and prior to exiting the site. The equipment and
vehicle decontamination area will be constructed above grade adjacent to an
existing on-site manhole. The catchment will be lined and will drain to the
existing manhole. Collected waste water will be immediately pumped from the
manhole into the temporary leachate tanker and disposed of with the extracted
leachate. The equipment decontamination area will be located away from the
designated personnel decontamination area.

Decontamination will include steam-cleaning or hot water high pressure washing
the drilling equipment, backhoe and tools between boreholes and test pits, and
detergent washing and water rinsing the split spoon samplers after each collected
sample. The drill rig and equipment may also require scrubbing of accessible
pans with a detergent/water solution. Well materials will also be steam-cleaned
or hot water high pressure washed and wrapped in plastic until installed. The
bailer cable, trowels, spatulas, stainless steel bucket and water level measurement
tape will be cleaned with Liquinox or another non-phosphate detergent solution,
and rinsed with deionized water.

Equipment remaining on-site overnight will be decontaminated at the end of the
day, if not done earlier in the day.
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6.2 INVESTIGATIVE WASTE DISPOSAL PROCEDURES

Per formance of the remedial i n v e s t i g a t i o n w i l l genera te l i q u i d and so l id
investigative wastes. The disposition of these wastes is described below.

6.2.1. Monitoring Well Fluids
Waste l iquids derived from the development or pu rg ing for s ampl ing of
monitoring wells will be collected and disposed with leachate.

6.2.2. Soils
Impacted soil will be generated through drill cuttings in the performance of soil
borings. These soils will be segregated on the basis of whether impacts are
indicated by PID field screening. Soils are considered impacted if PID readings
are greater than 10 ppm. Non-impacted soil (<10 ppm) will be left in the area
near the soil boring. Impacted soils (>10 ppm) will be stored on-site in a covered
roll-off container until a final site remedy is selected. When the final remedy is
implemented, the impacted soils may be incorporated with the waste under the
final remedy, or handled as a solid waste if they pass the TCLP test.
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7

SAMPLE HANDLING AND ANALYSIS

7.1 PARAMETERS

Samples collected for chemical analysis will be analyzed by a laboratory
approved by the U.S. EPA Region V Contract Program Management Section
(CPMS). Chemical parameters for which groundwater and surface water may be
analyzed are summarized below:

• U.S. EPA CLP TCL organics
• U.S. EPA CLP TAL inorganics
• Field pH
• Field Specific Conductance
• Chloride

Sulfate
• Alkalinity
• Nitrate - Nitrogen
• Nitrite Nitrogen
• Ammonia - Nitrogen

Total Organic Carbon
• Total Dissolved Solids

Measurement of pH, specific conductance and temperature, dissolved oxygen and
redox will be performed in the field. The groundwater samples to be analyzed for
inorganics will be field filtered with 0.45 micron filters. Surface water samples
will not be field filtered. Surficial soil and sediment samples will be analyzed for
U.S. EPA TCL and TAL parameters and grain size, Atterberg limits, TOC, and
natural moisture content Soil samples from monitoring well installation borings
will be analyzed for grain size and Atterberg limits (if appropriate).

Soil samples from the landfill cap evaluation will be analyzed for grain size,
Atterberg limits, natural moisture content, density, and clay mineralogy. Leachate
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samples will be analyzed for the same parameters as groundwater. Landfill gas
samples will be analyzed for VOCs, methane, oxygen, and carbon dioxide.

7.2 SAMPLE PRESERVATION

Samples will be collected and preserved in a manner appropriate for the analyses
they receive (see Table 1-2 of the QAPP). The portion of groundwater samples
requiring field filtering prior to analysis (see Table 1-2 of the QAPP) will be
filtered using a pressure filtration device, through a 0.45 micron filter, as soon as
possible after collection. Filtered portions of the samples will be preserved, as
appropriate, immediately after filtration. Sample fractions will be preserved
before shipment according to the procedures shown in Table 1-2 of the QAPP.
Preservatives added to the samples will be prepared using reagent grade
chemicals. Table 1-2 of the QAPP should be consulted for details regarding
sample packaging and shipping.
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SAMPLE DOCUMENTATION

Field sampling activities will be documented using a bound notebook/logbook.
Information recorded in the field notebook will include date of sampling, sampler,
weather conditions, observations and methods of preservation. Additional data
pertaining to sampling may also be included in the logbook.

Samples will be collected under chain-of-custody procedures. Standard forms
including sample labels, sample tags, chain-of-custody forms, and custody seals
used for sample tracking will be maintained (see attachments). A brief
description of sample documents follow:

A. Chain of Custody Form

1. One Form per shipping container (cooler).

2. Carrier service does not need to sign form, if custody seals remain
intact.

3. Use for all samples

B. Chain of Custody Seals

1. Two seals per shipping container to secure the lid and provide
evidence that samples have not been tampered with.

2. Cover seals with clear tape.

3. Record seal numbers on Chain of Custody Form.

4. Use for all samples.
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C. Sample Tags

1. Each sample container must have a sample tag affixed to it.

2. Sample tag numbers are recorded on the Chain of Custody Forms.

3. Use for all samples.

D. Sample Identification Record Form will:

1. Provide means of recording crucial sample shipping and tracking
information.

2. Contain information such as:

• Sample number
• Sample matrix
• Sample location code
• Sample round
• Chain of custody number
• Lab code
• Date sampled
• Date shipped
• Airbill number
• Sampling tag number

Paperwork accompanying the samples being shipped to the laboratory will be
sealed in a plastic bag that is taped to the inside of the cooler lid. Copies of the
chain-of-custody forms, and other paperwork (if possible), will be retained with
the field files.

Two sample seals will be placed on opposite sides of the lid and extending down
the sides of the cooler. The lid will be securely taped shut prior to shipment.

PMS/njtMJS
[CH160311]
6095300-Sampling PUn
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Supersedes:Original

1. Scope and Application

1.1 Analytes

This method is to be used for the determination of pH, Specific
Conductance, and Alkalinity. The different forms of alkalinity (total,
bicarbonate, carbonate, and hydroxide) can also be calculated.

1.2 Applicable Matrices

This method is applicable to drinking, surface and saline waters,
domestic and industrial wastes.

1.3 Reporting Limits

The Enseco reporting limits are:
pH — Detection limit not applicable
Specific conductance — 1 umho/cm
Alkalinity — 5 mg/L as Calcium Carbonate

1.4 Dynamic Range

This method is applicable to all ranges likely to be encountered. As a
practical matter, samples with alkalinities greater than about 1200 mg/L
as Calcium Carbonate require a smaller than normal volume or stronger
titrant in order to keep the titrant volume to a reasonable amount.

Prepared by: Date:

Lindsay Breyer/Roxanne Sullivan 5/24/88 ____________
Management Approva

QA Officer Appovai : Date:

V
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1.5 Analysis Time

The approximate analytical time is five minutes per sample. Samples
with high alkalinity or undissolved solids may require longer
titration times.

2. Method Summary

2.1 Samples are analyzed on an automatic titrator.

2.2 The Specific Conductance is measured first by application of a
voltage across the conductivity cell in series with a known reference
resistance. The ratio of voltages across the cell and the known
resistance is measured which allows the resistance of the cell to be
calculated.' This is then converted to the conductance of the cell.
By calibrating against a solution of known conductance, the cell
constant is determined and also the specific conductance of the
sample i.n the cell. A thermocouple measures the temperature of the
sample and electronically corrects the measurement to 25°C.

2.3 The pH is then determined electrometrically with a glass electrode in
combination with a reference electrode. The special glass used in
the electrode develops a voltage across it that depends on the pH of
the solution being analyzed. The voltage is measured and converted
to pH by calibration against buffers of known pH.

2.4 Alkalinity is determined by titrating the sample with a standardized
acid to specified endpoints (pH 8.3 and 4.5). Alkalinity is
calculated from the volume of acid required to reach the endpoints
and is traditionally reported as Calcium Carbonate.

3. Comments

3.1 Interferences

3.1.1 Sodium can interfere with pH determinations at pH's higher
than 10. This is controlled by using a "low sodium error"
electrode.

3.1.2 Oil and particulate matter in the samples may coat the pH
electrode and conductivity cell causing erroneous readings.
This will also affect the alkalinity results.
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3.1.3 Temperature variations will affect both pH and conductance
measurements. The conductance measurements are corrected
for temperature automatically. The effect on pH is
controlled by performing the measurements at the same (i.e.
room) temperature. All samples must be within 2°C.

3.1.4 Salts of weak organic and inorganic acids will contribute
to alkalinity. If the alkalinity 1s Intended to be a
measure of carbonate and biocarbonate only, the presence of
these substances will cause high results.

3.1.5 The alkalinity is titrated to pH 4.5. This endpoint may
not be appropriate for all samples.

3.1.6 Specific conductance is extremely sensitive to
contamination. The titration head, electrodes, and all
glassware must be thoroughly rinsed with deionized water to

. remove all traces of salts.

3.1.7 Samples not 1n equilibrium with the atmosphere may exhibit
changes in pH and 1ri the distribution of the various forms
of alkalinity when exposed to the atmosphere. The sample
containers should be filled completely and kept closed
until just prior to the analysis. The analysis should be
performed as soon as possible.

3.1.8 The pH electrode may exhibit slow or noisy response with
high purity waters due to the lack of ionic strength.

4. Safety Issues

4.1 All employees are expected to be familiar with and follow the
procedures outlined 1n the Enseco-RMAL safety plan. Lab coats and
safety glasses are required in all laboratory areas at all times. If
you have any questions or safety concerns, see your supervisor or
safety officer.

4.2 Normal laboratory safety precautions should be followed. There are
no special concerns with this method.
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5. Sample Collection, Preservation, and Holding Times

5.1 Samples are to be collected in plastic bottles and refrigerated to
4°C.

5.2 Samples for alkalinity must not be filtered, diluted, concentrated,
or altered in any way.

5.3 If the conductance measurement cannot be performed within 24 hours of
collection, the sample should be filtered.

5.4 The holding time for these parameters will be considered to be 24
hours since all are analyzed at once. The official holding times
are:

pH -- 24 hours
Conductance -- 28 days
Alkalinity — 14 days

6. Apparatus
6.1 Radiometer Automatic Titration System, consisting of autosampler,

burette, pH meter and electrodes, conductance meter and cell,
temperature probe, stirrer, printer, etc.

6.2 Plastic beakers to fit autosampler.
These must be thoroughly rinsed to remove all traces of salt.

6.3 Oxford pipette calibrated to 10.0 ml, and disposable tips.

6.4 Miscellaneous laboratory apparatus and glassware.

7. Reagents and Standards

7.1 pH Buffers, 4.0, 7.0, and 10.0
Obtained commercially

7.2 0.01 M Potassium Chloride (Conductance Standard)

Keep a beaker full of KC1 in a 105°C oven for routine use. Dissolve
0.7456 g in deionized water and dilute to 1 liter. This solution has
a conductance of 1417 umho/cm at 25°C. Prepare monthly.
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7.3 0.0500 N Sodium Carbonate

Dry anhydrous sodium carbonate at 250°C for four hours and cool in a
desiccator. Dissolve 2.6497 g in deionized water and dilute to 1
liter.

7.4 0.1 N Sulfuric Acid (Strong Alkalinity Titrant)

Very carefully add 3.0 ml concentrated sulfuric acid to approximately
500 ml deionized water and dilute to 1 liter. This solution must be
standardized using the procedure given in section 8. Record
standardization data and obtain a verification number from the
Standards Prep Department.

7.5 0.02 N Sulfuric Add (Alkalinity Titrant)

Very carefully add 3.0 ml concentrated sulfuric add to 5 liters of
deionized water. Standardize using the procedure given 1n section 8.
Record standardization data and obtain a verification number from the
Standards Prep Department.

7.6 Saturated NaCl

Dissolve 35.7 g of NaCl 1n 100 ml of cold DI.

8. Procedure

8.1 Preparation

8.1.1 Thoroughly homogenize samples before taking an aliquot for
analysis. Allow aliquots to equilibrate to room
temperature before analyzing.

8.2 Instrument Set-up and Calibration

8.1.2 Standardization of Alkalinity Titrant

Accurately measure 0.05 N Sodium Carbonate into a 250 mL
beaker. Use 40 mL if 0.1 N Sulfuric Acid is being
standardized or 15 ml for 0.02 N Sulfuric Acid. Add
deionized water to bring the total volume to 100 ml.
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Titrate with the appropriate strength acid to a pH of about
5. Lift electrode and rinse into beaker. Cover with a
watch glass and boil solution gently for 3 - 5 minutes.
Cool to room temperature, rinse watch glass into beaker,
and continue the titration to the pH inflection point.
Calculate the acid normality using the formula in section
10.

Perform all titrations for standardization in duplicate.

8.2.2 Calibration for pH

Be sure that the reference electrode has been filled with
saturated potassium chloride and that all electrodes and
the titration head are clean and dry (only use Kirn wipes to
dry the electrodes).

Pour approximately 20 ml pH 7 buffer into a beaker and
lower the electrodes Into it. Place the titrator in pH
mode and press the CAL button when the reading has
stabilized. Step through the calibration routine by
pressing the CAL button. When Buffer 2 is displayed, rinse
the electrodes and immerse in pH 4 buffer. Allow the
reading to stabilize and continue with the calibration
routine. At each step, make sure that the displayed
parameter is correct (e.g. buffer value, temperature,
etc.). If you need to change an entry, press the SHIFT
button and enter the correct value. When Buffer 3 is
displayed, press the pH button to exit the calibration
routine (this part of the calibration routine is for a
different application not used here). Rinse the
electrodes.

8.2.3 Calibration for Conductance

Be sure that the electrodes and titration head are clean
and dry (only use Kirn wipes to dry the electrodes).

Pipette 20 mL Conductance Standard (0.01 M potassium
chloride) into a clean beaker and immerse the electrodes.
Verify that the reference temperature is set to 25°C and
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the temperature compensation is 2% per degree C. Then
adjust the cell constant to give a reading of 1.42 mS/cm.
Rinse the electrodes when done. Since the accuracy of this
measurement is very dependent upon electrode position it
might be advised to calibrate on the first two cups of an
autotitrator run. The position of the arms and electrodes
are consistent during a run. Calibration should be done
daily.

8.3 Analysis

8.3.1 Obtain samples from sample receiving. Check each sample
for special Instructions. Make copies to put into your
data package. Fill out the benchsheet.

8.3.2 Turn on the power to the burette and autosampler. Be sure
the titrant reservoir 1s full. The 0.02 N Sulfuric Acid
should be used. If new titrant has been prepared, rinse
out the reservoir with it, refill, and flush out the
burette and titrant delivery line. Be sure that there are
no bubbles in the line.

8.3.3 Set the autosampler to 2 rinses and a delay of 0.4 minutes.
Fill two beakers with deionlzed water (20 - 25 ml) and
place them 1n positions 19 and 20. These are the rinse
beakers.

8.3.4 Set the titrator to EP mode and be sure that Method 1 is
displayed.

8.3.5 Pipette 20 ml of each sample into a clean beaker and place
on the turntable. A 10 mL Oxford pipette may be used to
dispense two 10 ml aliquots of sample, if 1t has been
calibrated previously to 10 ml. Record the sample ID and
position on the titrator. Allow sample aliquots to
equilibrate to room temperature.

8.3.6 Press START NEW CYCLE on the autosampler and the analysis
will commence. Results will be automatically printed out
and the sampler will stop when all samples have been
titrated. At this point, additional samples can be placed
on the titrator and analyzed starting at step 8.3.4. Be
sure to keep the titrant reservoir filled and replace the
water in the rinse beakers periodically.
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8.3.7 The titrator has been programmed to deliver a maximum
volume of 25 ml titrant. Samples requiring more than this
should be reanalyzed using a smaller aliquot or strong
titrant (0.1 N Sulfuric Acid). See your supervisor for the
corrections to be made in the program for titrator.

8.3.8 Samples with a conductance greater than 50,000 umho/cm need
to be run on the high curve. See Appendix 1.0.

8.4 Conclusion

8.4.1 Clean up the work area.

8.4.2 Return samples to Sample Receiving.

8.4.3 Calculate the results according to the calculation section
below.

8.4.4 " Complete the data package making sure it is filled out
properly and all the results are highlighted. Be sure to
include the tape and copies of the special instructions.
Submit the data package to your supervisor for approval.

QA/QC Requirements
9.1 QC Samples

9.1.1 Deionized water and tap water are to be analyzed at least
once daily. The conductance of these is to be recorded in
the notebook provided for that purpose.

9.1.2 Check a 10.0 pH standard with each new calibration.

9.1.3 One blank and DCS samples must be analyzed in every batch
of 20 or less samples. The blank is deionized water.

9.1.4 A blank and standard check are to be performed after every
10 or less readings and at the end of the run. Use the DCS
for standard checks. The blank is deionized water.

9.1.5 Duplicates may be required as project specific QC.
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9.1.6 Spikes for total alkalinity may be required for project
specific QC. Spikes are made by adding 1.0 mL 0.05 N
Sodium Carbonate to 20 ml sample. The spiking
concentration is 2500 x Normality of Sodium Carbonate.

It is not possible to spike pH, conductance, or the
individual forms of alkalinity.

9.2 Acceptance Criteria

9.2.1 Deionized water should have a conductance of 2 umho/cm or
less. The alkalinity should be less than 5 mg/L. The pH
1s usually 5-6.

9.2.2 There are no acceptance criteria for tap water. Unusual
readings should be reported to your supervisor.

9.2.3 . pH 10.0 standard should read within + 2% of 10.0.

9.2.4 Control limits for accuracy and precision (RPD) on DCS
samples are:

Parameter Accuracy Precision

PH 98 - 102% 5%
Conductance 95 - 105% 5%
Alkalinity 90 - 110% 10%

9.2.5 Standard check should be within 10% of the expected value.

9.2.6 Blanks should be less than the 2x reporting limits for
conductance and alkalinity pH blanks should be around 5 to
6.

9.2.7 There are no acceptance criteria for project specific QC.

9.3 Corrective Action Required

9.3.1 Follow the corrective actions outlined in the current
Enseco QAPP manual.
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9.3.2 If the deionized water has a conductance more than
2 umho/cm, repeat the reading. If it is still high, the
deionized water system may need maintenance. Notify your
supervisor.

9.3.3 If the pH 10.0 standards is not within limits, recalibrate
and check the standard again. If it is still out of
limits, see your supervisor.

9.3.4 If the control limits for the DCS samples are exceeded, the
problem must be corrected and the samples reanalyzed.
Check the calibration procedures and thoroughly clean the
electrodes, titration head, and beakers. The most common
problem is contamination, which causes high conductance
readings.

10. Calculations
10.1 Standardization of Alkalinity Titrant

NACID = NBASE X VBASE / VACID

NACID = Normality of titrant
NBASE - Normality of Sodium Carbonate
VBASE = Volume of Sodium Carbonate titrated, ml
VACID = Volume of titrant needed for titration, ml

10.2 pH values are recorded directly from the titrator printout.

10.3 Conductance values are taken as-is from the print out. If they are
printed out in mS/cm, they must be multiplied by 1000. The units
uS/cm are equivalent to umho/cm.

10.4 Three values for alkalinity will be printed if the pH is greater than
8.3. Record the values at pH 8.3 and 4.5 on the bench sheet. The
third value is the difference and is ignored. Note that some results
will be printed in scientific notation; be careful to check this when
recording results.

If the pH is less than 8.3, only one value will be printed (at pH
4.5). Record this value on the bench sheet. P alkalinity is ND on
these samples.
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Calculate the individual forms of alkalinity:

T = Total Alkalinity = Alkalinity at pH 4.5
P = P Alkalinity = Alkalinity at pH 8.3

P = ND
P < T/2
P = T/2
P > T/2
P = T

Hydroxide
Alkalinity

ND
ND
ND

2xP - T
T

Carbonate
Alkalinity

ND
2 x P
T

2(T - P)
ND

Bicarbonate
Alkalinity

T
T - 2xP
ND
ND
ND

Record the values for Total, Bicarbonate, Carbonate, and Hydroxide
Alkalinity.

11. Reporting Requirements

11.1 Units

11.1.1 pH has units of "units".

11.1.2 Conductance 1s reported as umho/cm at 25°C.
11.1.3 All forms of alkalinity are reported in mg/L as Calcium

Carbonate.

11.2 Limits

11.2.1 All values of pH are reported as measured.

11.2.2 Conductance results less than 1 umho/cm are reported as ND.

11.2.3 Alkalinity results less than 5 mg/L are reported as ND.

11.2.4 All reporting limits must be multiplied by any prep or
analytical dilution.

11.3 Significant Figures

11.3.1 pH is reported to one decimal place.
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11.3.2 Significant figures:

Result Significant Figure

<10 2
10 3

>10 3

11.4 LDMS data entry

11.4.1 The usual standards for data entry apply.

11.5 Anomalies

Document any non-standard procedures or anomalies.

Some common anomalies are:

1. Missed holding time.
2. Wrong bottle type used.

12. Review Requirements

12.1 All data packages must be complete. They must be properly signed and
dated. See attached example.

12.2 Confirm that special instructions were appropriately observed.

12.3 Check the calculations. Make sure all dilution factors were properly
applied.

12.4 Check the reporting limits. Remember that the reporting limits must
be multiplied by any dilution factor.

12.5 Make sure all anomalies are documented.

12.6 TDS/COND ratio should fall between 0.55 and 0.81.
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13. References

13.1 Source Method

13.1.1 pH is EPA Method 150.1.

13.1.2 Conductance is EPA Method 120.1.

13.1.3 Alkalinity is EPA Method 310.1.

13.2 Related Documents

13.2.1 Additional information was obtained from Standard Method
#403 for the alkalinity procedure.

13.2.2 Enseco QAPP.

13.2.3 M-EQA-0002 Internal QC Checks—Laboratory Performance QC.

13.2.4 LM-RMA-1003 Alkalinity (Manual Titration)

13.2.5 LM-RMA-1047 pH (soils and wastes)

13.3 Deviations from Source Methods and Rationale
13.3.1 Successive aliquots of sample are not analyzed for pH as in

the reference methods.

13.3.2 Temperature is not reported with the pH measurement. All
measurements are made at room temperature (approximately
22°C).

13.3.3 Alkalinity titrations are not performed at 25°C as
specified in the reference method.

13.3.4 Method 310.1 contains no provisions for determining the
different forms of alkalinity. This part of the method was
obtained from Standards Methods for the Examination of
Water and Wastewater, 14th Edition.
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13.3.5 A fixed endpoint of 4.5 1s used for all alkalinity
tltrations.

13.4 Updates to SOP (Original to Version 1.0)

1. Format updated.
2. Significant figures changed.
3. Appendix 1.0 added for high conductance curve.
4. pH 10.0 standard will be checked with each calibration

curve.
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Appendix 1.0 High Conductivity Curve

1. Calibrate on saturated NaCl. The cell constant should be
adjusted so the conductivity of the NaCl reads 251,000 umho/cm.

2. There is no QC.

3. Run your samples. Run DI rinses between each sample and have a
double rinse cycle.
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Hardness (Titration)

Page

SOP No.: LM-RMA-1090 Revision No.
Original

Effective Date:
November 7, 1963

Supersedes: None

1. Scope and Application
1.1 Analytes

This method is applicable to the determination of hardness as Calcium
Carbonate.

1.2 The detection limit 1s 5 mg/L.

1.3 Applicable Matrices
This method 1s applicable to the analysis of drinking, surface, and
saline waters, domestic and Industrial wastes.

1.4 Dynamic Range
The range extends to about 1000 mg/L as Calcium Carbonate. This can
be extended by dilution of the sample.

1.5 Approximate analytical time is 5 minutes per sample.

2. Summary of Method
Calcium and magnesium are titrated with EDTA. The endpoint is detected
with Eriochrome Black T, which 1s red in the presence of calcium and
magnesium and blue when these metals are complexed with EDTA.

3. Comments
3.1 Interferences

3.1.1 High concentrations of other metals may interfere by
causing fading or indistinct endpoints.

3.1.2 Some metals other than calcium and magnesium will titrate
as hardness.

Prepared by: Date: / /
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3.1.3 Some interferences can be controlled by the addition of
various inhibitors:

Interfering Maximum Allowable Concentration (mg/L)a
Substance Inhibitor I Inhibitor II Inhibitor III
Aluminum 20 20 20
Barium b b b
Cadmium b 20 b
Cobalt >20 0.3 0<=
Copper >30 20 0.3
Iron >30 5 20
Lead b 20 b
Manganese (II) b 1 1
Nickel >20 0.3 QC
Strontium b b b
Zinc b 200 b
Polyphosphate 10

a Based on 25 ml sample diluted to 50 ml
b Titrates as hardness
c Inhibitor fails if substance is present

3.2 Helpful Hints
An ICP scan is helpful in determining the potential interferences
present.

L Safety Issues
4.1 All employees are expected to be familiar with and follow the

procedures outlined in the Enseco/RMAL safety plan. Lab coats and
safety glasses are required in all laboratory areas at all times. If
you have any questions or safety concerns, see your supervisor or
safety officer.

4.2 Wear gloves and apron when handling concentrated acids-, bases and
solvents. Transport only in approved carriers. Avoid breathing
fumes and vapors; handle in a fume hood. Neutralize and clean up any
spills immediately. In case of skin contact, flush affected area
with water for at least 15 minutes. Notify your supervisor or safety
officer of any spills or exposures.

Wear gloves, apron, and face shield when performing digestions or
distillations. Digestions and distillations are to be performed in a

4.3

fume hood.
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4.4 Sodium Cyanide (Inhibitor I) is extremely toxic. Wear gloves and
handle with extreme caution. Use sparingly and do not allow it to
come into contact with acids. Dispose of wastes in a suitable waste
container; do not pour it down a sink.

4.5 Ammonium Hydroxide should be handled only in a hood.

5. Samples Collection and Preservation
5.1 Samples are to be collected in glass or plastic bottles and acidified

with Nitric Acid to pH < 2. Samples requiring dissolved hardness are
to be filtered before adding Nitric Acid.

5.2 The holding time is 6 months.

6. Apparatus
6.1 Burette, pipettes, volumetric flasks, beakers, and other standard

laboratory glassware.

6.2 Hot plate and other digestion equipment. See Total Metals prep SOP.

7. Reagents and Standards
7.1 Buffer Solution

Dissolve 16.9 g ammonium chloride in 143 ml concentrated ammonium
hydroxide in a 250 ml volumetric flask. Add 1.25 g magnesium EDTA
and dilute to volume with deionized water. Store in a tightly
stoppered plastic bottle. Prepare fresh monthly or when addition of
1 or 2 ml to a sample fails to produce a pH of 10.0 + 0.1 at the
endpoint of the titration. ~

7.2 Inhibitor I
Sodium Cyanide powder.

7.3 Inhibitor II
Dissolve 5.0 g sodium sulfide 9-hydrate in 100 ml deionized water.
This solution deteriorates rapidly through air oxidation.

7.4 Inhibitor III
Dissolve 4.5 g hydroxylamine hydrochlorlde 1n 100 ml 95% ethanol or
isopropanol.

7.5 Calmagite Indicator Powder

7.6 Hydrochloric Acid, 50%
Carefully add 500 ml concentrated hydrochloric acid to 500 ml
deionized water with constant mixing.
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7.7 Ammonium Hydroxide, 3 N
Dilute 210 ml concentrated ammonium hydroxide to 1000 ml with
deionized water.

7.8 Ammonium Hydroxide, 1 N
Dilute 70 ml concentrated ammonium hydroxide to 1000 ml with
deionized water.

7.9 Methyl Red Indicator Solution
Dissolve 0.10 g methyl red in deionized water and dilute to 100 ml.

7.10 Standard Calcium Solution, 0.02 N
Place 1.000 g anhydrous calcium carbonate, primary standard grade, in
a 500 ml Erlenmeyer flask. A little at a time, add 50% hydrochloric
acid until all the calcium carbonate has dissolved. Add 200 ml
deionized water and boil for a. few minutes to drive off carbon
dioxide, then cool. Add a few drops of methyl red indicator and
adjust to an intermediate orange color by adding 3 N ammonium
hydroxide or 50% hydrochloric acid as necessary. Transfer to a 1000
ml volumetric flask and dilute to volume with deionized water.

7.11 EDTA Titrant, 0.02 N
Dissolve 3.723 g disodium EDTA dihydrate i'n deionized water and
dilute to 1000 ml. Standardize versus standard calcium solution.
Store 1n a polyethylene bottle and check standardization
periodically.

8. Procedure
8.1 Standardization of EDTA Titrant

8.1.1 Place 50 ml deionized water in a 125 ml Erlenmeyer flask.

8.1.2 Add 10.0 ml Standard Calcium Solution and mix.

8.1.3 Add 1 ml buffer solution and mix.

8.1.4 Add a small scoop of Calmagite indicator powder and mix.

8.1.5 Titrate slowly with continuous stirring until the last red
color disappears. The end point color is blue. Complete
the titration within 5 minutes of adding the buffer
solution.
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8.1.6 Calculate the Normality of the EDTA solution:

N EDTA = 0.2 / ml EDTA

8.2 Sample Preparation
8.2.1 For drinking waters, surface waters, saline waters, and

dilutions there of, no preparation is required.

8.2.2 Wastewaters and highly polluted waters should be digested
according to the SOP for preparation of Total Metals.

8.3 Analysis of Samples
8.3.1 Use 25 ml sample, or select a volume of sample which will

require less than 15 ml EDTA tltrant. The tltration must
be completed within 5 minutes of the addition of the
buffer.

8.3.2 Place the sample aliquot in a 125 ml Erlenmeyer flask and
dilute to a total volume of 25 ml with deionized water.

8.3.3 . Neutralize with 1 N ammonium hydroxide and dilute to 50 ml
with deionized water.

8.3.4 Add 2 ml of buffer solution.

8.3.5 If Interferences are known or suspected, add one of the
inhibitors at this point. Choose the Inhibitor by
knowledge of the Interferences present and consultation to
the table above. Use 250 mg Inhibitor I, 1 ml Inhibitor
II, or 1 ml Inhibitor III.

8.3.6 Add a small scoop of Calmagite Indicator and titrate with
continuous stirring until the endpoint is detected. If the
endpolnt is indistinct, retitrate and add Inhibitor at stec
8.3.5.

8.3.7 If more than 15 ml tltrant Is required, retitrate a smaller
aliquot of sample.

9. QA/QC Requirements
9.1 QC Samples

9.1.1 A blank (deionized water) is required with every batch of
20 or less samples.
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9.1.2 Two LCS samples are required with each batch of 20 or less
samples. Obtain from ERA, EPA, or other reliable source.

9.1.4 Duplicates may be required for project specific QC.

9.1.5 Spikes may be required for project specific QC. Add 5 ml
of the standard calcium soTution to 25 ml sample and
analyze. The spiking concentration is 200 mg/L as CaC03.

9.2 Acceptance Criteria
9.2.1 Blanks must be less than the detection limit.

9.2.2 LCS recovery must be 90 - 110%.

9.2.3 The RPD for LCS samples must be less than 10 %.

9.2.4 There are no acceptance criteria for project specific QC.

9.3 Corrective Action Required
Follow the corrective actions outlined in the current Enseco QA Plan.

10. Calculations
Calculate hardness from:

HARDNESS = (VOLEDTA x NEDTA x 50000) / VSAMPLE

HARDNESS = Hardness, mg/L as CaC03
VOLEDTA = Volume EDTA required for tltration, ml
NEDTA = Normality of EDTA Titrant
VSAMPLE = Volume of sample titrated, ml

11. Reporting
11.1 Reporting units are mg/L as CaC03
11.2 Samples less than the detection limit are reported as N.D.

11.3 Significant Figures

Range Sig. Figures
5 - 1 0 1
10-99 2
100+ 3

11.4 LDMS Data Entry
11.4.1 The usual standards for data entry apply.

12. References
12.1 Method source: EPA Method 130.2

12.2 Deviations from source method and rationale
None
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SOP No.: Revision No.: Effective Date:
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Supersedes:N/A

ENSECO PROPRIETARY INFORMATION STATEMENT

This document has been prepared by and remains the sole property of ENSECO
INC. It is submitted to a client or government agency solely for its use in
evaluating Enseco's qualifications in connection with the particular project,
certification or approval for which it was prepared, and is to be held
proprietary to Enseco.

The user agrees by its acceptance or use of this document to return it upon
Enseco's request, and not to reproduce, copy, lend or otherwise disclose or
dispose of the contents, directly or indirectly, and not to use it for any
purpose other than that for which it was specifically furnished. The user
also agrees that where consultants or others outside of the user's
organization are involved in the evaluation process, access to these documents
shall not be given to those parties, unless those parties also specifically
agree to these conditions.

1. Scope and Application

1.1 Analytes

This method is applicable to the determination of ammonia as
nitrogen.

1.2 Applicable Matrices

1.2.1 This method is applicable to the analysis of surface and
saline waters, and domestic and industrial wastes. NPOES
samples must be distilled before analysis. (See SOP
LM-RMA-1085).

Prepared b y : D a t e :
Jennifer Franzen January 23, 1991
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1.2.2 This method is also applicable to the analysis of soils and
wastes following a DI leach (SOP LM-RMA-1074).

1.2.3 Dilutions may be made for high concentrations.

1.3 Reporting Limits

The Enseco reporting limit for ammonia is 0.10 mg/L for waters and
0.50 mg/kg for soils and wastes.

1.4 Dynamic Range

The method covers the range from 0.1 mg/L to 3.0 mg/L in waters,
soils and wastes. The range may be extended by making dilutions for
higher concentrations.

1.5 Analysis Time

The approximate analysis time is 2 hours for a batch of 20 samples.

2. Method Summary

Samples are analyzed on the Technicon Autoanalyzer II which performs the
automated colorimetric analysis.

Ammonia is analyzed using the Berthelot Reaction, forming a blue compound
with sodium phenoxide and sodium hypochlorite. The color is intensified
by the addition of sodium nitroprusside. EDTA prevents the precipitation
of calcium and magnesium hydroxides.

3. Comments

This method is extremely sensitive to changes in pH.

3.1 Interferences

3.1.1 Calcium and magnesium may precipitate and clog the ammonia
channel. EDTA is used to prevent this. The EDIA may not be
effective on salt water samples.

3.1.2 Color and turbidity in the samples will interfere. They may
be removed by filtration. Samples with color interferences
must be diluted until no interference is detected.
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3.1.3 The samples, standards, and rinse water must all contain the
same concentration of acid.

3.2 Helpful Hints

3.2.1 Samples, standards, and rinse water work best if the
concentration of the acid is 0.2% sulfuric acid.

4. Safety Issues

4.1 All employees are expected to be familiar with and follow the
procedures outlined in the Enseco-RMAL safety plan. Lab coats and
safety glasses are required in all laboratory areas at all times. If
you have any questions or safety concerns, see your supervisor or
safety officer.

4.2 Wear gloves and apron when handling concentrated acids, bases and
solvents. Transport only in approved carriers. Avoid breathing
fumes and Vapors; handle in a fume hood. Neutralize and clean up any
spills immediately. In case of skin contact, flush affected area
with water for at least 15 minutes. Notify your supervisor or safety
officer of any spills or exposures.

4.3 No solvents of any kind or in any amount are to be disposed of in the
sinks. Dispose of all solvents in suitable waste containers.

4.4 Wear gloves and apron when performing extractions. Extractions are
to be performed in a fume hood.

4.5 Wear gloves, apron, and face shield when performing digestions or
distillations. Digestions and distillations are to be performed in a
fume hood.

4.6 Samples and other solutions containing high concentrations of toxic
materials must not be flushed down the sinks, but are to be disposed
of in suitable waste containers.

4.7 All samples are to be considered hazardous. Wear gloves and handle
in a fume hood as much as possible.

4.8 Phenol is highly toxic and can be absorbed through the skin or by
inhalation of the vapor. Wear gloves and handle in the fume hood.
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5. Sample Collection, Preservation and Holding Times
5.1 Samples are to be collected in glass bottles whenever possible.

5.2 Samples are to be preserved by adding sulfuric acid (2 ml per
1000 ml sample) and refrigerated at 4°C.

5.3 The holding time for ammonia in water is 28 days. There is no
holding time for soils or wastes.

6. Apparatus
6.1 The technicon AAII equipped with the proportioning pump, autosampler,

and colorimeter with 660-nm filters and 50-mm flow cell.

6.2 Miscellaneous laboratory apparatus and glassware.

7. Reagents and Standards
7.1 ASTM Type II Water (Milli-Q or equivalent).

7.2 Sulfuric acid 0.2%

Slowly add 4 ml of concentrated sulfuric to 2 liters of ASTM type
water. This will be used to make standards and any dilutions that
may be required.

7.3 Sodium phenol ate

Add 20.75 g of phenol (crystals) to 100 ml of distilled water in a
250 ml volumetric. Do this in the hood. Allow the phenol to
dissolve some then add 8.0 g of sodium hydroxide pellets. Cool to
room temperature and bring to volume. Store in an amber- glass
container and prepare fresh every two weeks.

7.4 Sodium Hypochlorite Solution

Dilute 100 ml of reagent grade Hypochlorite (5%) to 200 ml with
distilled water. Commercial bleach (5%) may be used in the same
manner.

7.5 Sodium Nitroprusside Solution (0.05%)

Dissolve 0.125 g of sodium nitroprusside in 250 ml of deionized
water. Store in an amber container and prepare fresh monthly.
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7.6 Disodium EDTA

Add 50 g of sodium EDTA to 800 ml of deionized water. Use a pH
electrode to adjust the pH to 8.0 by slow addition of 50% sulfuric
acid. Cool to room temperature and bring to volume. Add 1 mL of
Brij-35 and mix.

7.7 Ammonia Stock Standard

Dry Ammonium Chloride at 105°C. Dissolve 3.819 g in 600 ml of
deionized water, add 2 ml of concentrated sulfuric acid, and dilute
to 1000 ml with deionized water. This solution is to be obtained
from standards prep.

7.8 Intermediate Standard

Pipette 1.0 mL of stock standard into a 100 ml volumetric flask and
dilute to volume with 0.2% sulfuric acid.

7.9 Working Standards

Prepare dilutions as indicated below,
with 0.2% sulfuric acid.

Volume Intermediate
Standard

1.0 ml
2.0 ml
5.0 mL
10.0 mL
20.0 mL
30.0 mL

7.10 DCS Solution

Final
Volume

100 mL
100 mL
100 mL
100 mL
100 mL
100 mL

All dilutions should be made

Concentration
mg/L as N

0,
0,
0.1.
2.
3.0

These must be preservedUse ERA nutrients for DCS solutions,
properly with sulfuric acid to 0.2%.

8. Procedure

8.1 Sample Preparation

8.1.1 Check the pH of all samples to ensure that they have been
properly preserved. If necessary, add sulfuric acid to
produce a final concentration of 0.2% and indicate on the
benchsheet.
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8.1.2 Soils and wastes must be taken through the D.I. Leach
procedure before analysis. (LM-RMA-1074)

8.1.3 NPDES samples for ammonia must be distilled before analysis
(LM-RMA-1085).

8.2 Instrument Set-up and Calibration

8.2.1 Turn on the colorimeter and allow 20 min. warmup time.

8.2.2 Set up the proportioning pump for pumping reagents. Pump all
reagents except Nitroprusside. The pH needs to adjust before
pumping this reagent. Pump the Nitroprusside after the other
reagents have been pumping for five minutes.

8.2.3 Turn on the chart recorder and allow the baseline to
stabilize.

8.3 Analysis

8.3.1 Standards are to be analyzed in order of decreasing
concentration. A linear fit should be used.

8.3.2 Samples exceeding the high standard require a dilution.
Samples below 0.1 mg/L are reported as ND.

QA/QC Requirements

9.1 QC Samples

9.1.1 A blank (0.2% sulfuric acid) is required with every batch c*
20 or less samples.

9.1.2 Two DCS samples are required for each batch of 20 or less
samples. Use ERA nutrients.

9.1.3 Duplicates may be required for project specific QC.

9.1.4 Spikes may be required for project specific QC. Dilute 1 rci
Intermediate Standard to 10 ml with sample. The spiking
concentration is 1 mg/L.

9.2 Acceptance Criteria

9.2.1 Blanks must be less than two times the reporting l i m i t .
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9.2.2 Average DCS recovery must be 93-107% .

9.2.3 The RPD for the DCS must be less than 10%

9.2.4 There are no acceptance criteria for project specific QC.

9.2.5 Standard checks must be within 10% of the expected value.

9.2.6 The calibration curve must have a correlation coefficient of
0.995 or greater.

9.3 Corrective Actions

9.3.1 Follow the corrective actions outlined in the current Enseco
QAPP Manual.

9.3.2 If the blank is more than two times the reporting limit, the
entire batch of samples must usually be reprepped and
reanalyzed. Consult your supervisor.

9.3.3 Check for contamination in reagents and standards. Be sure
the reagents were made correctly and have not exceeded their
expiration dates.

9.3.4 All samples and standards must contain 0.2% sulfuric acid.

10. Calculations

10.1 Measure and record the peak height for each sample.

10.2 Prepare a calibration curve from the standard data. Use a linear
least squares program.

10.3 Calculate the sample concentrations from the calibration curve and
multiply by any dilution factors. Be sure to include dilutions made
during prep.

11. Reporting Requirements

11.1 Reporting units are mg/L for waters and mg/kg for non-aqueous
samples.
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11.2 Limits

11.2.1 If the blank shows contamination (but is less than two times
the reporting limit), the reporting limit is raised to the
blank value.

11.2.2 If dilutions were required due to insufficient sample,
interferences, or other problems, the reporting limit is
multiplied by the dilution factor.

11.3 Significant Figures

11.3.1 Range Sig. Figures

< 10 2
10 3

> 10 3

11.3.2 Observed values below the detection limit must be reported as
not detected (NO) .

11.4 LIMS Data Entry

The usual standards for data entry apply.

11.5 Anomalies

Document any non-standard procedures or anomalies. Seme common
anomalies are:

11.5.1 Sample diluted for color interference.

11.5.2 Sample pH was neutral preserved with sulfuric acid before
analysis.

12. Review Requirements

12.1 All data packages must be complete. They must be properly signed
and dated.

12.2 Confirm that the special instructions were appropriately observed.

12.3 Confirm that there were no unusual peaks by checking the
chromatogram.
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12.4 Check calculations.

12.5 Check the reporting limits. The standard reporting limit must be
multiplied by any dilution factor or raised to any blank
contamination value.

12.6 Verify that the results were correctly anomalized.

13. References

13.1 Source Method: ERA 350.1 Nitrogen, Ammonia (Colorimetric, Automated
Phenate)

13.2 Related Documents

13.2.1 4500-NH3.H Automated Phenate Method Standard Methods

13.2.2 Enseco QAPP

13.2.3 M-EQA-0002 Internal QC Checks — Laboratory Performance QC

13.2.4 Enseco SOP LM-RMA-1039 Rev. 1.0 Nitrogen Ammonia 350.1 EPA

13.3 Deviations from Source Method and Rationale

13.3.1 The source method has been expanded to include soils and
wastes through the use of a deionized water leach.

13.3.2 The EDTA solution is brought to a specific pH by pH electrode
in order to maintain a consistent pH for all analysis.

(Attached are completed example benchsheet and appropriate diagrams or tables.)
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ENSECO PROPRIETARY INFORMATION STATEMENT

This document has been prepared by and remains the sole property of ENSECO INC. It is
submitted to a client or government agency solely for its use in evaluating Enseco's
qualifications in connection with the particular project, certification or approval for
which it was prepared, and is to be held proprietary to Enseco.

The user agrees by its acceptance or use of this document to return it upon Enseco's
request, and not to reproduce, copy, lend or otherwise disclose or dispose of the
contents, directly or indirectly, and not to use it for any purpose other than that for
which it was specifically furnished. The user also agrees that where consultants 0^
others outside of the user's organization are involved in the evaluation process, acoes-
to these documents shall not be given to those parties, unless those parties also
specifically agree to these conditions.

1. Scope and Application

1.1 Analytes

This method is used for the detennination of Total Dissolved Solids,
also known as Filterable Residue.

1.2 Reporting Limits

The method reporting limit is 10 mg/L.

1.3 Applicable Matrices

This method is applicable to drinking, surface, and saline waters,
domestic, and industrial wastes.

Prepared b y D a t e :

_____7^_ -j
Management Approval : Date: •

O «.*;</
QA Officer Approval : /

<^~ '
Date:
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1.4 Dynamic Range

This method covers the range from 10 mg/L and up. It is a
gravimetric method and there is no upper limit. As a practical
matter, the final residue weight should be limited to about 200 mg.

1.5 Analysis Time

The analytical time is about 30 minutes per sample, not including
drying time. The total drying time is variable and can be as long as
24 to 48 hours.

2. Method Summary
A well-mixed sample is filtered through a glass fiber filter. The
filtrate is evaporated at 103°C and dried to a constant weight at
180°C.

3. Comments

3.1 Interferences

3.1.1 Some samples may contain hygroscopic salts which require
prolonged drying, desiccation, and rapid weighing.

3.1.2 Samples containing high concentrations of bicarbonate may
require careful prolonged drying to ensure that all the
bicarbonate is converted to carbonate.

3.1.3 Too much residue in the pans will crust over, entrapping water
that will not be driven off during drying. Total residue
should be limited to about 200 mg.

3.1.4 Oil and grease in the samples will cause unreliable results
due to difficulty in drying to constant weight.

3.1.5 Some samples may have fine suspended solids which pass through
the glass fiber filter causing high results.

3.1.6 Aluminum pans should not be used. Components in some samples
may react to form aluminum compounds causing unreliable
results.
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3.2 Helpful Hints

3.2.1 Conductance multiplied by a factor between 0.55 and 0.81 gives
a rough approximation of TDS. The exact relationship depends
on the compounds present in the samples and may not hold for
very high concentrations or samples containing nonionic
species or samples with conductances greater than 10,000
umho/cm or less than 50 umho/cm.

3.2.2 The filtrate from the TSS procedure (IM-RMA-1062) may be used
for TDS determination.

4. Safety Issues

Normal laboratory safety procedures should be followed. There are no
special concerns with this method.

5. Sample Collection, Preservation, Containers and Holding Times

5.1 Samples are to be collected in plastic bottles. A minimum of ICO TIL
is required and may or may not be filtered in the field.

5.2 Refrigerate all samples to 4°C.

5.3 The holding time for TDS is 7 days.

6. Apparatus

6.1 Glass fiber filter disks, 47 mm (Gelman Type A/E). The filters
should be rinsed with deionized water and dried before use. Assemble
the filtration apparatus, turn on the vacuum pump, and place a filter
on the holder. Rinse the filter with three 20 ml portions of
deionized water, dry at 103°C and store in a desiccator.

6.2 Vacuum filtration apparatus.

6.3 Vacuum pump equipped with moisture trap.

5.4 Porcelain evaporating dishes. These must be thoroughly cleaned,
rinsed with deionized water, and baked at 180°C for at least one hcu-
before use. Store in a desiccator.
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6.5 Desiccators providing space for storage of samples in process
separate from filters and evaporating dishes.

6.6 Drying ovens set at 103°C and 180°C. Separate ovens should be
maintained at the appropriate temperatures if possible.

6.7 Steam bath

6.8 Thermometers, NBS traceable.

6.9 Analytical balance capable of measurements to 0.0001 g.

6.10 Conductivity meter and associated apparatus.

6.11 Tweezers, graduated cylinders, and other general laboratory
apparatus. Glassware must be thoroughly washed with detergent and
rinsed with deionized water.

7. Reagents and Standards

7.1 Deionized water (ASTM Type II or equivalent)

7.2 All reagents and standards required for measurement of conductance
(see SOP LM-RMA-1062).

7.3 DCS Solution

Use an ERA Minerals Sample or a sample from another reliable source.

8. Procedure

8.1 Preparation

8.1.1 Check samples for special instructions, making copies to
include with the data package. Obtain samples from sample
receiving. Fill out the benchsheet. See example benchsheet.

8.1.2 Measure and record the conductance of each sample before
analysis. An accurate value, corrected for temperature and
cell constant, must be obtained. If the conductance has
already been measured, this value may be used. Check the
Short Holding Time Sheets; TDS has been placed on them in
order to identify all samples requiring conductivity. THE
CONDUCTANCE MUST BE RECORDED ON THE BENCH SHEET FOR EACH
SAMPLE.
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8.1.3 If samples are visibly oily, this should be noted on the
benchsheet.

8.1.4 Mark the evaporating dishes with appropriate identification.
Weigh dishes for each sample to the nearest 0.0001 g. Only
use dishes which have previously been baked at 180°C and
stored in a desiccator.

8.1.5 Determine the proper volume of each sample to be analyzed.

8.1.5.1 If the sample has a conductance less than
3,000 umho/cm, 100 ml should be used.

8.1.5.2 If the conductance is 3,000 to 10,000 umho/cm,
use 20 mL of sample. Dilute volumes of <100 ml
to 100 ml final volume with deionized water.

8.1.5.3 If the conductance is extremely high (more than
about 10,000 umho/cm), smaller volumes may be used.
Consult your supervisor.

8.1.5.4 If there is limited sample volume, a smaller amount
of sample must be analyzed. This must be noted on an
anomaly sheet.

8.2 Analysis

8.2.1 Thoroughly rinse the entire filtration apparatus with
deionized water before filtering each sample. Assemble the
filtration apparatus and turn on the vacuum pump. Only use
filters which have been previously rinsed, dried, and stored
in a desiccator. The patterned side of the filter must face
down.

8.2.3 Shake the sample vigorously, measure the required volume into
a graduated cylinder, and rapidly transfer to the filtration
apparatus. All samples are to be filtered, whether or not
they have been filtered in the field.

NOTE: If the sample contain large amounts of insoluble
material, a portion may be poured off after mixing and
allowed to settle or an aliquot maybe taken and
centrifuged, before filtering. Do not pour directly
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from the bottle without m i x i n g . T h i s wi11 alter the
sample composition and adversely affect subsequent
analyses.

8.2.4 After the sample has been filtered, rinse the graduated
cylinder into the filtration apparatus with three 10 ml
portions of deionized water. Continue vacuum for three
minutes after filtration is complete.

8.2.5 Transfer the filtered sample to the preweighed evaporating
dish. Rinse the receiving flask into the dish to ensure
complete transfer of the sample.

8.2.6 Place the samples in the drying oven set at 103°C and
evaporate to dryness. Record the date and time that the
samples were placed in the oven and the temperature of the
oven on the benchsheet. Alternately, the samples may be
placed on a steam bath and evaporated to dryness.

8.2.7 Prepare new filters and dishes to replace the ones you have
used. Instructions are given in Sections 6.1 and 6.4
respectively.

8.2.8 When the samples are dry, transfer to the drying oven set at
180 +/- 2°C and heat for a minimum of one hour. If a number
of samples are being dried simultaneously, additional time may
be necessary. Record the date and time that the samples are
placed in the drying oven. In addition, record the oven
temperature on the bench sheet at the beginning and end of the
drying period.

8.2.9 Cool the samples in a desiccator for two to three hours.
Remove and weigh one tray crucibles at a time to prevent
absorption of moisture. Record the date and time of this
measurement on the bench sheet.

8.2.10 Return the samples to the oven and bake for another hour.
Cool the samples in a desiccator and weigh. Record the date,
time, and oven temperatures as above. Repeat this cycle agair
if the weight changes by more than 1.0 mg. If a constant
weight is not achieved within three drying cycles, note this
on an anomaly sheet. Do not continue the drying, cooling,
weighing cycle beyond three times.
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8.3 Conclusion

8.3.1 Clean all glassware, apparatus and the work area.

8.3.2 Return all samples to sample receiving.

8.3.3 Calculate the results following the calculation in section 10.
Circle the lowest final weight of the two weights that varied
between 1.0 mg. This is used as the final weight for
calculating TDS. NOTE: If a constant weight is not achieved
within three drying cycles, circle the lowest final weight.
This is used as the final weight for calculating TDS.

8.3.4 Complete the data package making sure it is properly filled
out and the results are highlighted. See sample example. Be
sure to include copies of the special instructions.

9. QA/QC Requirements

9.1 QC Samples

9.1.1 A blank is required with every batch of 20 or less samples.
The blank is prepared using 100 ml of deionized water. It is
to be taken through all steps of the analysis, including
filtration. It is not necessary to measure the conductance.

9.1.2 A DCS pair is required with each batch of 20 or less samples.
These are to be taken through all steps of the analysis,
including filtration. It is not necessary to measure their
conductances. DCS are prepared using 100 mis of standard.

9.1.3 Duplicates may be required for project specific QC.

9.1.4 Spikes may be required for project specific QC. Spikes may be
analyzed by mixing equal volumes of DCS and sample.
Calculation of the result should be based on the actual volume
of sample used in the spike (one half the total volume). The
"spiking concentration" is equal to the DCS value.

9.2 Acceptance Criteria

9.2.1 Weight change for blanks must be between -0.5 and 2 mg.
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9.2.2 Average DCS recovery must be 90 - 110%.

9.2.3 The RPD for the DCS must be less than 10%.

9.2.5 There are no acceptance criteria for project specific QC.

9.3 Corrective Action Required

9.3.1 Follow the corrective actions outlined in the current Enseco
QAPP Manual.

9.3.2 Poor results for the DCS's is usually due to contamination.
Be sure all glassware and the filtration apparatus is clean
and rerun the samples.

9.3.3 High blanks are also the result of contamination. Low blanks
indicate that the evaporating dishes were not completely dry
when the initial weight was measured. Rerun the samples.

9.3.4 If the TDS/COND ratio falls outside the limits (0.55-0.81) the
sample should probably be rerun for conductance and then for
TDS. Consult your supervisor.

10. Calculations

10.1 Calculate blank residue weight:

BLANK = (W2 - Wl) X 1000

BLANK = Blank residue weight, mg
W2 = Final blank weight, g
Wl = Initial blank weight, g

10.2 Calculate samples and DCS's:

RESIDUE = (W2 - Wl) X 1000

TDS = (RESIDUE) X 1000 / VOL

RESIDUE = Sample residue weight, mg
W2 = Final weight, g
Wl = Initial weight, g
TDS = TDS result, mg/L
VOL = Sample Volume, mL
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10.3 Calculate the reporting limit

Rep. Limit (mg/L) = Residue (mg) X 1000 / Vol. (ml)

This is to be done only if the blank is greater than 1 mg or if a
sample volume less than 100 mLs was used. Otherwise, the reporting
limit is 10 mg/L.

If the blank is between 1 and 2 mg, the reporting limited is based on
the blank residue weight. In all other cases, use 1 mg.

The reporting limit is based on either 100 mL OR the actual volume
used, whichever is lower.

10.4 Calculate the TDS/COND ratio.

TDS/COND ratio = Measured TDS / Measured Conductivity

11. Reporting Requirements

11.1 Units

Report all results in mg/L

11.2 Limits

Results below the reporting limit are reported as NO.

11.3 Significant Figures

Significant figures to report are:

Range Significant Figures

<10 2
>10 3

DCS's are reported to three significant figures

11.4 LIMS Data Entry

Since drying times will vary, the analysis date reported will be the
date on which the samples were filtered. The holding time is
calculated from this analysis date.
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11.5 Anomalies

Document any non-standard procedure or any anomalies. Some common
anomalies are:

1. Insufficient sample. Reporting limits changed
accordingly.

2. Filtrate is turbid.

3. TDS/COND ratio is outside the limits. IDS & COND were
rerun and confirmed. The sample contains high
concentration of IDS or may contain nonionic species.
The conductivity is greater than 10,000 or less than 50
umho/cm so the rule does not apply.

4. Holding time missed.

5. Samples are visibly oily.

See the attached example benchsheet

12. Review Requirements

12.1 All data packages must be complete. They must be properly
signed and dated. See example benchsheet.

12.2 Confirm that the special instructions were appropriately
observed.

12.3 Check all sample calculations.

12.4 Check the reporting limits.

12.5 Verify that all anomalies are documented.

12.6 The TDS/COND ratio should fall between 0.55 - 0.81. This
ratio may not hold for nonionic species or samples high in
TDS. It also may not hold for samples with conductances
greater than 10,000 or less than 50 umho/cm. Anomalize results
that do not fall within these limits.
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13. References

13.1 Source Method: ERA Method 160.1

13.2 Related Documents

13.2.1 Standard Methods "Total Dissolved Solids Dried at 180°C", 17th
Edition, 1989.

13.2.2 Enseco QAPP

13.2.3 M-EQA-0002 Internal QC Checks—Laboratory Performance QC

13.2.4 LM-RMA-1071: pH, Specific Conductance, and Alkalinity:
Automatic Titrator

13.2.5 LM-RMA-1062: Total Suspended Solids (TSS)

13.3 Deviations from Source Method and Rationale

13.3.1 A 103° oven may be used for the evaporation of the sample to
dryness.

13.3.2 Constant weight, as defined by the Inorganic Technical
Committee of Enseco, is a weight change of 1.0 mg between
weighings.

13.3.3 Samples will not be taken through the drying, cooling,
weighing cycle more than three times. This is a policy
approved by the Enseco Inorganic Technical Committee.

13.4 Updates to SOP (Revision 3.0 to Revision 4.0)

13.4.1 Provision for evaporation of samples on steam bath included.

13.4.2 Maximum number of drying cycles stipulated.

13.4.3 Constant weight defined as weight change of 1.0 mg.
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evaluating Enseco's qualifications in connection with the particular project,
certification or approval for which it was prepared, and is to be held
proprietary to Enseco.
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1. Scope and Application

1.1 Analytes

This method is applicable to the determination of
inorganic anions:

Fluoride
Chloride
Bromide

Nitrate (as N)
Ortho-Phosphate (as ?)
Sulfate

Preparea by:
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Management A Date:

QA Officer Approval: Date:
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1.2 Applicable Matrices

1.2.1 This method is applicable to drinking and surface waters as
well as mixed domestic and industrial wastewaters.

1.2.2 The method may be applied to nonaqueous matrices by analyzing
a deionized water leachate of the sample (SOP LM-RMA-1074 D.I.
Leach).

1.3 Reporting Limits

Enseco's standard reporting limits are:

Analyte Water (mg/L)

Fluoride 0.5
Ch-loride 3
Bromide 0.1
Nitrate (as N) 0.1
Ortho-Phosphate (as P) 0.5
Sulfate 5

Lower reporting limits may'be available under special conditions.
Consult the laboratory for details.

Nonaaueous reporting limits, when determined using DI leacr SO3 _'•'-
RMA-1074, w i l l be a factor of 5 higher than the aoove acueous "i".'::.

1.4 Dynamic Range

The dynamic range of the method is am'on specific as indicated in t-e
following table and can be extended by d i l u t i n g the sample:

Approximate
Analvte Dynamic Ranee '-c/L'! Retention ""•'-'es

Fluorids 0 . 5 - 5 0 l.C
Chloride 3 - 5CO 1.5
Nitrite ------- <i.s
Bromide - 0 . 1 - 5 0 2.3
Nitrate 0 . 1 - 5 0 3.2
Ortho-phosphate 0.5 - 53 5.9
Sulfate 5 - 500 5.5
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1.5 Analysis Time

The approximate analysis time for water samples is 10 minutes, not
including data reduction. Nonaqueous samples require a DI leach,
whose approximate preparation time is 2 hours.

2. Method Summary

A small volume of sample is introduced into the Dionex ion chromatograph.
The anions of interest are separated and measured using a system comprised
of a guard column, separator column, suppressor column, and conductivity
detector. Results are processed using Dionex software.

3. Comments

3.1 Interferences

3.1.1 Interferences can be caused by substances with retention times
that are similar to and overlap those of the anion of
interest. Large amounts of an anion can interfere with the
peak resolution of an adjacent anion. Sample dilution and/or
spiking can be used to solve most interference problems.

3.1.2 Method interferences may be caused by contaminants in the
reagent water, reagents, glassware, and other sample
processing apparatus that lead to discrete artifacts or
elevated baseline in icn chromatcgrams.

3.1.3 Samples that contain particles larger than 0.45 micrcis a~c
reagent solutions that contain particles larger than 0.2:
microns require filtration to prevent damage to instrument
columns and flow systems.

3.2 Helpful Hints

3.2.1 The water dip or negative peak that elutes near, and can
interfere with, the fluoride peak can be eliminated by the^
addition of the equivalent of 1 ml of concentrated eluent (T.3
100X) to 100 ml of each standard and sample.

3.2.2 Large concentrations of any one ion (such as chloride in
brines) may affect the retention time of the other ions and
mask peaks.
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3.2.3 Molybdenum has the same retention time as sulfate; nitrite
elutes very close to chloride.

3.2.4 This method is not recommended for leachate samples when
acetic acid is used for pH adjustment. The retention times of
the anions differ when large amounts of acetate are present.

3.2.5 This method is not recommended for fluoride. Any anion that
is not retained by the column will elute in the area of
fluoride and interfere.

4. Safety Issues

4.1 All employees are expected to be familiar with and follow the
procedures outlined in the Enseco-RMAL safety plan. Lab coats and
safety glasses are required in all laboratory areas at all times. If
you have -any question or safety concerns, see your supervisor or
safety officer.

4.2 Normal accepted laboratory safety practices should be followed during
reagent preparation and instrument operation.

5. Sample Collection, Preservation, and Holding Times

5.1 Samples should be collected in scrupulously clean glass or
polyethylene bottles.

5.2 Sanies are to be preserved and analyzed in accordance with :ne
following:

Analyte Preservation Holding Time

Fluoride None 23 Days
Chloride None 23 Days
Bromide 4°C ASAP
Nitrate (as N) 4^C 43 Hrs
0-Phos (as ?) Filter, 4^0 cs Hrs
Sulfate 4°C 23 Days

6. Apparatus

c.l Balance - Analytical, capable of accurately weighing to G.OCOi z.
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6.2 Ion chromatograph - Analytical system complete with ion chrcmatcgraph
and all required accessories.

6.2.1 Anion guard column: AG4A, 4X50mm, Dionex P/'N 37042.

6.2.2 Anion separator column: AS4A, 4X250MM, Dionex P/N 37041.

6.2.3 Anion micromembrane suppressor (AMMS): Dionex P/N 38019.

6.2.4 Detector - Conductivity cell: approximately 6 ml volume.

6.3 Sample bottles: Glass or polyethylene of sufficient volume to allow
replicate analyses of anions of interest.

6.4 Miscellaneous laboratory glassware and pipettes.

7. Reagents and Standards

7.1 Reagent water: Distilled or deionized water, free of the anions of
interest and containing particles no larger than 0.20 microns.

7.2 Eluent solution: Sodium bicarbonate (CAS RN 144-55-8) 0.0025M,
sodium carbonate (CAS RN 497-19-8) 0.00075M. Dissolve 1.0081 g
sodium bicarbonate (NaHCC^) and 1.0176 g of sodium carbonate (Na2C03)
in reagent water and dilute to 4 liters.

7.3 Regeneration solution (AMMS): Sulfuric acid (CAS RN 7664-93-9)
0.025N. Dilute 2.8 ml cone, sulfuric acid (H£SOd) to 4 liters wit-
reagent water.

7.4 Stock standards: May be purchased as certified solutions or prepare:
from ACS reagent grade materials (dried at 105°C for 30 min) as
listed below; may be prepared individually or as one stock standard.

7.4.1 Fluoride (F) 1000 ma/L: Dissolve 2.2100 g sodium fluorice
(NaF CAS RN 7681-49-4) in reagent water and d i l u t e to 1 L.

7.4.2 Chloride (Cl) 10,000 mg/L: Dissolve 16.485 g sodium chlorice
(NaCl CAS RN 7647-14-5) in reagent water and dilute to I L.

7.4.3 Bromide (Br) 1000 mg/L: Dissolve 1.288 g sodium bromide (NaE-
CAS RN 7647-15-6) in reagent water and dilute to 1 L.
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7.4.4 Nitrate (N03-N) 1000 mg/L: Dissolve 6.0679 g sodium nitrate
(NaN03 CAS RN 7631-99-4) in reagent water and dilute to 1 L.

7.4.5 Phosphate (PCty-P) 1000 mg/L: Dissolve 4.3937 g potassium
phosohate (KH2P04 CAS RN 7778-77-0) in reagent water and
dilute to 1 L. •

7.4.6 Sulfate ($04) 10,000 mg/L: Dissolve 18.141 g potassium
sulfate (K2S04 CAS RN 7778-80-5) in reagent water and dilute
to 1 L.

These stock standards are stable for at least one month when stored
at 4°C. Dilute working standards should be prepared weekly, except
phosphate, which should be prepared fresh daily.

7.5 Working standards: Make up individual working standards for each
anion as -fol lows:

A.nalyte Concentration (mg/L) Stock Std. (mLs) Final Volume (mLs)

Fluoride 100 10 100
Chloride 1000 10 100
Bromide 100 10 100
Nitrate 100 10 100
0-Phos 100 10 100
Sulfate 1000 1C 100

7.6 Stock DCS solutions, 1000 ppm.

Stock DCS solutions may be purchased as certified solutions cr
prepared from ACS reagent grade materials (dried at 105° for 30
minutes) obtained from standards prep as listed below. The stocks
may be prepared individually or as one stock DCS. 1000 mg/L DCS
stock solutions should be made from a different source than the
calibration stocks.
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7.7 Working DCS solution

Dilute down the stock DCS solutions into one 100 ~L volumetric as
fo I lows:

Analyte Final Concentration (mg/L) Stock Stds. (-Is)

Fluoride 10 1
Chloride 100 10
Bromide 10 1
Nitrate 10 1
0-Phos 10 1
Sulfate 100 10

7.8 CCV Solution

Prepare a CCV solution at the following concentrations from the
working std. solutions in a 100 ml volumetric.

Analyte Concentration Working Std. (mis)

Fluoride 25 2.5
Chloride 250 2.5
Bromide 25 2.5
Nitrate 25 2.5
0-Phos 25 2.5
Sulfate 250 2.5

8. Procedure

8.1 Preparation

8.1.1 Obtain samples from sample receiving. Check each sample rcr
special instructions making copies to put along with the data
package. F i l l out your benchsheet.

8.1.2 Unless particulate matter is present, water samples are
analyzed directly without advanced preparation. Samples
containing particulate matter must be filtered through a C.-5
urn filter prior to analysis.
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8.1.3 Soil samples are prepared by leaching one part sample with
five parts deionized water.
See SOP: LM-RMA- 1074 D.I. Leach.

8.2 Instrument Set-up and Calibration

8.2.1 Establish the following ion chromatographic operating
parameters:

Columns - AS4A Separator
AGYA Guard
Anion Micromembrane Suppressor

8.2.2 Prepare a series of standards at the following
concentrations. Each standard should be made up in 100 ml
volumetric with eluent. This is the normal operating curve

. for Rocky. Other curves can be made to meet client request
such as USGS.

Std. 1 is a eluent blank

Std. 2 Concentration (mg/L)

Fiucride 0.1
Chloride 1
Bromide 0.1
Nitrate 0.1
0-Phcs 0.1
Sulfate 1

Working/Stock Std.
to be diluted (pom) mis

100
1000
100
100
100

1000
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Std. 3 Concentration (mg/L)

Fluoride 1
Chloride 10
Bromide 1
Nitrate 1
0-Phos 1
Sulfate 10

Working/Stock Std.
to be diluted (pom)

100
1000
100
100
100
1000

Std. 4 Concentration (mg/L)

Fluor ide 10
C h l o r i d e • 100
B r o m i d e 10
Ni t r a t e 10
0-Phos 10
S u l f a t e 100

Working/Stock Std.
to be diluted (ppm) mis

100 10
1000 10
100 10
100 10
100 10
1000 10

Std. 5 Concentration (mg/L)

Fluoride 50
Chloride 500
Bromide 50
Nitrate 50
0-Phos 50
Sulfate 500

Working/Stock Std.
to be diluted (pom)

1000
10,000
1000
1000
1000

10,000

mLs

0.75 m M NaHC03 (0.0630 g/L)
2.00 m M Na2C03 (0.2120 g/L)

Eluent -

Regenerant -1.025 N
2.0 mL of 50% H2S04
per 2000 mL

Sample Loop -100 mL
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Flow Rate - 2.0 mL/min.

8.2.3 Using injections of 100 uL of each calibration standard,
tabulate peak height or area responses against the
concentration. The results are used to prepare a calibration
curve for each analyte.

8.2.4 The working calibration curve must be verified on each working
day, or whenever the anion eluent is changed, and after every
10 samples. If the response or retention time for any analyte
varies from the expected values by more than + 10%, the test
must be repeated, using fresh calibration standards. If the
results are still more than + 10%, an entire new calibration
curve must be prepared for that analyte.

8.2.5 Non-linear response can result when the separator column
capacity is exceeded (overloading). Maximum column loading
(all anions) should not exceed about 5000 ppm.

8.2.6 Linear calibration curve w i l l be used. A study was done using
both linear and quadratic calibration and the curves were
found to be equivalent.

8.3 Analysis

8.3.1 Check system calibration daily and, if required, recalibrate.

3.3.2 Load and inject a fixed amount of well mixed sample. Flush
injection loop thoroughly, using each new sample. Use the
same size loop for standards anc samples. Record the
resulting peak size in area or peak height units. An
automated constant volume injection system may also be used.

8.3.3 The width of the retention time window used to make
identifications should be based upon measurements of actual
retention time variations of standards over the course of a
day. Three times the standard deviation of a retention ti~e
can be used to calculate a suggested window size for a
compound. However, the experience of the analyst should we'"
heavily in the interpretation of chromatograms.

5.3.4 Different dilutions may be required to obtain the
concentration of i n d i v i d u a l anions at the lowest possible
reporting limit.
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8.3.5 If the resulting chromatogram fails to produce adequate
resolution, or if identification of specific anions is
questionable, spike the sample with an appropriate amount of
standard and reanalyze.

8.4 Conclusion

8.4.1 Shut off the I.C. Clean all glassware, apparatus, and the
work area.

8.4.2 Return all samples to sample receiving.

8.4.3 Calculate the results according to the calculation section
below if not done with the 1C software.

8.4.4 Complete the data package making sure it is filled out
properly and all results are highlighted. See the attached
example. Be sure to include copies of the special
instructions. Submit the package to your supervisor for
approval.

9. QA/QC Requirements

9.1 QC Samples

9.1.1 A blank is required with every batch of 20 or less samoles.

9.1.2 Duplicate laboratory control samples ~ust be analyzed with
every batch of 20 or less samples.

9.1.3 Continuing calibration blank (CC3) and continuing calibration
verification (CCV) samples must be analyzed after every tenth
sample. A CCV and CCB must also be analyzed at the completion
of the day's analyses.

9.1.4 Duplicates may be required for project specific QC.

9.1.5 Spikes may be required for project specific QC.

9.2 Acceptance Criteria

9.2.1 Blanks must be less than two times the reporting limit.
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9.2.2 Average DCS requirements are summarized in the following
table:

Accuracy
Analyte Control Limits*

Fluoride 88 - 112
Chloride 92 - 108
Bromide 90 - 110
Nitrate 91 - 109
Ortho-Phos 75 - 125
Sulfate 93 - 107

9.2.3 The requirements for the RPD for the DCS are summarized in the
following table:

Precision
Analyte Control Limits*

Fluoride 15% RPD
Chloride 10% RPD
Bromide 20% RPD
Nitrate 20% RPD
Ortho-Phos 20% RPD
Sulfate 15% RPD

* Subject to change in accordance with Enseco QAPP.

9.2.4 For the DCS data to be considered acceptable, 80% of the
acceptance criteria in Sections 9.2.2 and 9.2.3 must be
achieved if an 1C scan is required.

9.2.5 Standard checks must be within 10" of the expected value.

9.2.6 There are no acceptance criteria for project specific CC.

9.2.7 The calibration curve for each analyte must have a ccr'-e" af :-
coefficient cf 0.995 or greater.

9.3 Corrective Actions

9.3.1 If acceptance criteria described in Section 9.2 are not rret, t~
analysis sequence must be terminated until the source of t"=
problem can be identified and corrected.
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9.3.2 If the blank is more than two times the reporting l i m i t , the
entire batch of samples must usually be reprepped/reanalyzed cr
anomalized. Consult your supervisor.

9.3.3 Follow the corrective actions outlined in the current Enseco
QAPP Manual.

10. Calculations

10.1 Prepare separate calibration curves for each anion of interest by
plotting peak size in area or peak height units of standards against
concentration values.

10.2 Compute sample concentration by comparing sample peak response with th<
standard curve.

10.3 Calculations can be done automatically using the Nelson software.

11. Reporting Requirements

11.1 Units

Report results in mg/L for aqueous samples and mg/kg for soil samples.

11.2 Limits

11.2.1 The reporting limits for the target anions are listed in t~e
fcllowing table:

Reporting Limit
Analyte Water (mg/L)

Fluoride 0.5
Chloride 3
Bromide 0.1
Nitrate 0.1
Ortho-Phos 0.5
Sulfate 5

11.2.2 If dilutions were required for any reason the reporting l i m i t
is multiplied by the dilution factor.
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11.2.3 If the blank shows contamination (but less than two times the
reporting limit) the reporting l i m i t is raised to the blank
value.

11.3 Significant Figures

11.3.1 Range Sig. Figures

< 10 2
10 3

> 10 3

11.3.2 Observed values below the detection limit must be reported as
not detected (ND).

11.4 LIMS Data Entry

The usual standards for data entry apply.

11.5 Document any non-standard procedure or any anomalies.

12. Review Requirements
12.1 All data packages must be complete. They must be properly signed arc

dated.

12.2 Confirm that the special instructions were appropriately observed.

12.3 Check any calculations.

12.4 Check the reporting limits. The standard reporting l i m i t must be
multiplied by any dilution factor or raised to any blank
contamination value.

12.5 Verify that the results were correctly anomalized.

13. References

13.1 Method Source

This method is based en EPA Test Method 300.0 (Method A) entitled, "T're
Determination of Incrganic Anicns in Water by Ion Chromatography,"
December 1959.
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13.2 Related Documents

13.2.1 Enseco QAPP

13.2.2 M-EQA-0002 Internal QC checks — Laboratory Performance QC

13.2.3 LM-RMA-1074 D.I. Leach

13.3 Deviations from Source Method and Rationale

13.3.1 The columns specified in the referenced method have been
substituted. This change was motivated by advances in the
technology which occurred after publication of the method.

13.3.2 Although the source method does not recommend fluoride analysis
by 1C it w i l l be used occasionally by an experienced
chromatographer knowledgable in the particular problems.

13.3.3 Nitrite has been deleted from the list of target anions because
it elutes so close to chloride.

13.3.4 Enseco's Quality Assurance Plan w i l l be followed instead of t~e
quality program outlined in Method 300.0.

13.4 SOP Updates (Revision 1.0 to Revision 2.0)

13.4.1 Format updated.

13.4.2 Range was extended to 5GG ™g/L for chloride.

13.4.3 The SOP has been modified to reflect the revised Method 300.3
(Method A), December 1989.
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Suoerseces: Revision No. 1

ENSECO PROPRIETARY INFORMATION STATEMENT

This document has been prepared by and remains the sole property of ENSECO INC.
It is submitted to a client or government agency solely for its use in
evaluating Enseco's qualifications in connection with the particular project,
certification or approval for which it was prepared, and is to be held
proprietary to Enseco.

The user agrees by its acceptance or use of this document to return it ucon
Enseco's request, and not to reproduce, copy, lend or otherwise disclose or
dispose of the contents, directly or indirectly, and not to use it for any
purpose other than that for which it was specifically furnished. The user also
agrees that where consultants or others outside of the user's organization are
involved in the evaluation process, access to these documents shall not be give'
to those parties, unless those parties also specifically agree to these
conditions. • •

1. Scope and Application

1.1 Analytes

This method is applicable to the determination of nitrite.

1.2 Detection Limit

The detection l i m i t is 0.01 mg/L as N.

1.3 Applicable Matrices

This method is applicable to drinking, surface and saline waters,
domestic and industrial wastes. Nitrite on soils requires a D.I.
leach prep. This prep is outlined in SOP: LM-RMA-1074.

Preparea by: Date:

____Xv«vo 1. JjA^xvia___________ Trw, i H m i_____
Management Approval: Date:

Date:
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1.4 Dynamic Range

The range extends to 0.2 mg/L as N. Higher concentrations may be
analyzed by dilution of the sample.

1.5 Approximate analytical time is 20 minutes per sample. A number of
samples may be analyzed concurrently.

Method Summary

Nitrite in acidic solution forms a diazonium compound with sulfanilamide,
The diazonium compound then reacts with N-(l-naphthyl)-ethylenediamine
dihydrochloride to produce a reddish purple dye which is measured in a
spectrophotometer at 540 nm.

Comments

3.1 Interferences

3.1.1 Strong oxidizing and reducing agents will affect the nitrite
concentration.

3.1.2 High alkalinity (> 600 mg/L) will give cause low results cue
to a shift in the pH.

3.2 Helpful Hints

None

Safety Issues

4.1 All emcloyees are expected to be familiar with and fellow the
procedures outline in the Enseco/RMAL safety plan. Lao coats arc
safety glasses are required in all laboratory areas at all times. I
you have any questions or safety concerns, see you supervisor cr
safety officer.

4.2 Wear gloves and apron when handling concentrated acics, bases ard
solvents. Transport only in approved carriers. Avoid breatninc
fumes and vapors; handle in a fume hood. Neutralize arc clear; j:
anv s p i l l s immediately. In case of skin contact, f'usn a^fectec a~e
with water for at least 15 minutes. Notify ycur supervisor :- sa-"et
officer of any spills or exposures.
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5. Samples Collection, Preservation, Containers and Holding Times

5.1 Samples are to be collected in plastic bottles and refrigerated to 4
C.

5.2 The holding time for nitrite is 48 hours.

6. Apparatus

6.1 Spectrophotometer for use at 540 nm.

6.2 Miscellaneous laboratory apparatus and glassware.

7. Reagents and Standards

7.1 Buffer/Color Reagent

Add 105 ml concentrated hydrochloric acid to 250 ml deionized water
and mix. Add 5.0 g sulfanilamide and 0.5 g N-(l-naphthyl)
ethylened-iamine dihydrochloride. Stir until dissolved. Dilute to
500 ml with deionized water. Store in a dark bottle in a
refrigerator. This solution is stable for one month.

7.2 Calibration Stock Standard, 100 mg/L as N

Dry anhydrous sodium nitrite in a dessicator for 24 hours. Dissolve
0.4926 g in deionized water and dilute to 1000 ml. Add 2 ml
chloroform to preserve.

7.3 Intermediate Standard, 1.0 mg/L as N

Dilute 1.0 ml of the 100 mg/L stock to ICO mL with deicnized water-.
Prepare fresh daily.

7.4 Calibration Standards

Dilute the intermediate standard with deionized water as follows:

Vol. Intermediate Std.
1.0 mL
2.0 mL
4.0 mL
8.0 mL
20.0 mL

Prepare fresh daily.

Final Volume
100 mL
100 mL
100 mL
100 mL
100 mL

Concentration
0.01 mg/1 as N
0.02 mg/1 as N
0.04 mg/1 as N
0.08 mg/1 as N
0.20 mg/1 as N
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7.5 Spiking standard, 10.0 mg/L as N

Dilute 10.0 mL of the 100 mg/L stock to 100 mL with deionized water.
Prepare only if matrix spike is required.

7.6 DCS Stock, 100 mg/L as N

Prepare as in 7.2 above, but independently, to provide a reference
material.

7.7 Intermediate DCS, 1.0 mg/L as N

Dilute 1.0 mL of 100 mg/L DCS Stock to 100 mL with deionized water.
Prepare fresh daily.

7.8 Working DCS, 0.10 mg/L

Dilute 10.0 mLs of Intermediate DCS to 100 mL with deionized water.
Prepare fresh daily.

7.9 Hydrochloric Acid, 25%

Carefully add 100 mL concentrated hydrochloric acid to 300 mL
deionized water. Mix well.

8. Procedure

8.1 If the pH of the sample is greater than 10 or if high alkalinity is
suspected, add 25% hydrochloric acid to adjust the pH to about 5.

3.2 If necessary, the samele may be filtered tc remove participates.

3.2 Place 10 mL aliquots of samcle into two test tubes. One aliauct »:,'
be used for analysis and the other for a color blank. (Color b"ar<:
are not required for standards and DCS's).

S.4 Add 0.4 mL buffer/color reagent and mix. For the color blank ace :.
mL 1 N HCL instead of the buffer/color reagent.

3.5 After 15 minutes, measure the absorbance at 5-G nm. Use the reacer-t
blank to zero the spectrcphotometer.

3.5 Dilute and reanalyze any samples which have higher absorharces tha~
the 0.20 mg/L standard. Reanalyze color blanks at the same ci"-f':"
as the samples.

9. QA/QC Requirements

9.1 QC Samples

9.1.1 A blank (deionized water) is required with every bat." :~ I?



3CP ',c.: LM-RMA-10-i R e v i s i o n fio. :
2.0

9.1.2 Two DCS samples are required with each batch of 20 or less
samples.

9.1.3 A blank and standard check are required after every 10 or less
samples.

9.1.4 Duplicates may be required for project specific QC.

9.1.5 Spikes may be required for project specific QC. Add 0.1 ml of
the 10.0 mg/L spiking standard to 10 ml sample. The spiking
concentration is 0.10 mg/L.

9.2 Acceptance Criteria

9.2.1 If the prep blank reads greater than 2 times the detection
l i m i t , consult your supervisor.

9.2.2 DCS recovery must be 90 - 110%.

9.2.3 Th« RPD for DCS samples must be less than 10%.

9.2.4 Standard checks must be within 10% of the expected value.

9.2.5 There are no acceptance criteria for project specific QC.

9.2.6 The calibration curve must have a correlation coefficient of
0.995 or greater.

9.3 Corrective Action Required

If problems are encountered, check the dilutions made when prepar:-;:
the standards and DCS. Also check the pH of the samples after co'c"
development; it should be 1.5 - 2.0. If problems persist, consult
your supervisor.

\

10. Calculations

10.1 Enter the standard data into linear least squares program to generate
a calibration curve.

10.2 Subtract the color blank absorbances from the sample absorbances.
Calculate the sample concentration from the net absorbance and
multiply by any dilution factors.
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10.3 If the prep blank is more than the detection limit, the detection
limit must be raised to the blank value.

10.4 If dilutions are necessary the reporting limit must be raised by the
dilution factor.

11. Reporting Requirements

11.1 Reporting units are mg/L as N.

11.2 Samples less than the detection limit are reported as N.D.

11.3 Significant Figures:

0.01 - 9.99: 2 significant figures
10 + : 3 significant figures

11.4 LIMS Data Entry

The usual- standards for data entry apply.

12. References

12.1 Method source: EPA Method 354.1

12.2 Additional information: Standard Methods #419 (Sixteenth Edition)

12.3 Deviations from source method and rationale

12.3.1 The sample volume was reduced by a factor of 5. The -eage^:
volumes were reduced accordingly.

12.3.2 The source method does not include a provision for trie
analysis of soils.

12.3.3 Provision for the analysis of sample color blanks has been
included.

12.4 Updates to SOP

Revision 1.0 was updated to Revision 2.0 to include prevision for
nitrite determination in soil, changes in standard curve preparati:r,,
provision for the analysis of sample color blanks, preparation and
use of a spiking standard, changes in QA/QC and clerical changes.
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Total Organic Carbon (TOC)
(O.I. 700)

SOP No.: Revision No.: Effective Date
LM-RMA-1066 1.0 August 1, 1983

Supersedes:Original

1. Scope and Application

1.1 Analytes

This method covers the determination of various forms of carbon
using the O.I. Corporation Model 700 TOC Analyzer. The
instrument is capable of measuring various forms of carbon. The
specific forms measured depend on sampling technique and
subsequent handling in the laboratory. Unless special
requirements are specified before the analysis is started,
samples w i l l be homogenized, the solids allowed to settle, and
the liquid decanted for analysis.

The definition of organic carbon depends on the preliminary
treatment of the samples. Unless otherwise specified, the
result reported w i l l NOT include purgeable organic careen or
particulate carbon.

Purgeable organic carbon and inorganic carbon may also be
determined but are not reported unless specifically requested.

1.2 The detection limit is 0.1 mg/L.

1.3 Applicable Matrices

This method is applicable to drinking, surface, and saline
waters, domestic and industrial wastes.

Prepared by: Date:
Lindsay Breyer 7/18/88

Management Approval:_ Date:

QA Officer Approval: Date:
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1.4 Dynamic Range

Instrument response is linear to 50 mg/L. Higher concentrations
may be analyzed by dilution of the samples.

1.5 Approximate analytical time is 10 minutes per sample.

2.0 Summary of Method

2.1 The sample is acidified and sparged to convert inorganic carbon
(carbonates and bicarbonates) to carbon dioxide, which is
trapped on a molecular seive. Purgeable organic carbon is also
removed by sparging and trapped on a purgeables trap. The
molecular seive is thermally desorbed and the carbon dioxide is
detected by a nondispersive IR detector. The purgeables trap is
then desorbed and the compounds pyrolyzed in an oxygen
atmosphere to carbon dioxide, which is measured by the same
detector. The sample is then digested with sodium persulfate at
100°C. Organic carbon is converted to carbon dioxide, which is
trapped on the molecular seive trap. It is then thermally
desorbed and the carbon dioxide measured by the nondispersive IR
detector.

3. Comments

3.1 Interferences

3.1.1 Particulates in the sample have been found to cause
erratic results even when the samples are homogerr zed.
They w i l l also cause carry-over to subsequent san:c:es.

3.1.2 As noted above, the manner of preliminary treatment :-
the sample defines the types of carbon which are
measured. Specific sample requirements must be
defined when the samples are logged in for analysis.

3.1.3 Purgeable organic carbon w i l l be lost if the samcies
are not collected in VOA vials with the headspace
eliminated.

3.2 Helpful Hints

This SOP was written specifically for the 01 700 TOC Analyzer.



Page 3
TOC

SGP No.: Revision No.: Effective Date:
LM-SMA-1056 1.0 August 1, 19S3

4. Safety Issues

Follow normal laboratory precautions.

5. Sample Collection and Preservation

5.1 Samples are collected in glass bottles and preserved by adding
sulfuric acid to pH less than 2.

5.2 Samples requiring purgeable organic carbon must be collected in
VGA vials with headspace eliminated.

5.3 The holding time for TOC is 28 days.

6. Apparatus

6.1 01 700 TOC Analyzer with POC option, autosampler, etc.

6.2 Disposable glass autosampler tubes.

6.3 Volumetric pipettes, volumetric flasks, beakers, etc.

7. Reagents and Standards

7.1 Phosphoric Acid, 5% v/v

Carefully add 50 mL phosphoric acid to about 600 ml deionized
water, mix, and dilute to 1000 ml.

7.2 Sodium Persulfate, 10% w/v

Dissolve 100 g sodium persulfate in deionized water and d i l u t e
to 1000 ml.

7.3 TOC Stock Standard, 1000 mg/L

Dissolve 2.128 g potassium hydrogen phthalate in about 600 ml
deionized water, add 2 ml concentrated sulfuric acid, and dilu t e
to 1000 ml.

7.4 TOC Working Standards
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Dilute the stock standard with deionized water as follows:

Aliquot Final Volume TOC Concentration

1.0 mL 200 mL 5.0 mg/L
5.0 mL 200 mL 25.0 mg/L
10.0 mL 200 mL 50.0 mg/L

7.5 LCS Solution

Weigh an empty 250 mL glass bottle covered with a VOA cap. F i l l
with a diluted ERA demand sample and recap, eliminating all
headspace. Inject 10.0 uL chloroform through the septum and
reweigh. Shake vigorously until the chloroform has dissolved.
The TOC concentration will be the true value of the ERA sample.
The POC concentration is calculated from:

POC = 1491 / (WT2 - WT1)

POC- = POC concentration, mg/L
WT2 = Weight of full bottle + cap, g
WT1 = Weight of empty bottle + cap, g

If POC is not required, it is unnecessary to spike the ERA
sample with chloroform.

8. Procedure

8.1 Instrument Set-Up

8.1.1 The instrument should be left on with gases f'cwirg •-
order to reduce the need for detector maintenance. I~~
the instrument has been turned off for any reason,
turn it back on and allow it to warm up until the IR
output stabilizes (may be several hours).

8.1.2 Check gas pressures. Nitrogen should be at 30 psi anc
oxygen at 10 psi.

8.1.3 Check gas flows. Purge gas flow snould be 5.C anc
detector gas flow 4.5 on the rotameters. If tnese
flows cannot be achieved, inform your supervisor.

8.1.4 F i l l the deionized water reservoir and set the flow
rate to keep the wash station full.



TOC

SOP No. : Revision No.:
LM-RMA-1C66 1.0 August 1, 19S3

8.1.5 F i l l the acid reservoir with 5* phosphoric acid and
the oxidant reservoir with 10" sodium persulfate.
Check to be sure that the reagent bottles are being
sparged.

8.1.6 Open the keypad drawer and press the PRIME ACID button
10 to 20 times to prime the acid pump.

8.1.7 Press the PRIME OXIDANT button 10 to 20 times to prime
the oxidant pump.

8.2 Reagent Blanks

8.2.1 Select Display Mode NORMAL PPM C and Analysis Mode
POC/IC/TOC.

8.2.2 Press SET SYSTEM CONFIG 1. Set the instrument
parameters as follows:

ACID INJECTION PUMP: Enabled
OXID INJECTION PUMP: Enabled
SAMPLE PUMP: Disabled
SAMPLE LOOP VALVE: Disabled
AUTO-RUN ANALYSIS: Enabled
AUTO-PRINT: Enabled
AUTO-SAMPLER: Disabled

Press CLEAR ENTRY when the proper system configuration
has been established.

8.2.3 Press RUN/STOP. The instrument will automatically run
blanks (acid and oxidant) and cleanse itself.

8.2.4 When the blanks show consistent results, press
RUN/STOP and CLEAR.

8.2.5 If the instrument has already been calibrated, the
results printed should be less than the detection
limit. If not, as might happen with new reagents, it
may be necessary to recalibrate. Compute the average
millivolt reading for the last three blanks. Compute
the average for all three forms of carbon.

8.3 Calibration
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8.3.1 Check calibration by analyzing the 25 mg/1 standard.
If it is within 10%, recalibration is not necessary.

8.3.2 Press SET SYSTEM CONFIG and set the following
parameters:

ACID INJECTION PUMP: Enabled
OXID INJECTION PUMP: Enabled
SAMPLE PUMP: Enabled*
SAMPLE LOOP VALVE: Enabled*
AUTO-RUN ANALYSIS: Enabled
AUTO-PRINT: Enabled
AUTO-SAMPLER: Disabled

*Changed from reagent blank configuration.

Press CLEAR ENTRY when finished.

8.3.3 Disconnect the sample l i n e from the sampler and insert
into the 25 mg/L calibration standard.

8.3.4 Press RUN/STOP. The instrument will analyze the
standard repeatedly. Press RUN/STOP and CLEAR after
at least 3 runs have been completed.

8.3.5 Compute the average mV response for organic carbon.

8.3.6 Press SELECT DISPLAY MODE twice to get to CALIBRATi:1!
CONSTANTS.

8.3.7 Press SELECT NEXT DISPLAY. Choose action 2, crga--':
carbon calibration.

8.3.8 Enter the average blank mV for each form of carbon.
If a value is already entered, add it to your average
before entry. Also add it to the average mV for the
standard.

8.3.9 ENTER STANDARD MASS: Multiply the standard
concentration (mg/L) by the Icoc: volume (mL) and ene-
the result. With a 1.010 mL locp and 25 mg/L
standard, the standard mass is 25.25.

8.3.10 Press SELECT NEXT DISPLAY. Enter the mV average fsr
the standard. The scaling factor w i l l be displayed.
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8.3.11 Press SELECT NEXT DISPLAY. Then press SELECT DISPLAY
MODE to return to NORMAL PPM C. Reattach the sample
line to the sampler.

8.4 Analysis

8.4.1 Mix samples well, fil l sampler tubes, and load the
autosampler. Deionized water should be first,
followed by the standards and the LCS samples. Record
the order in which the samples w i l l be analyzed (the
sampler moves counterclockwise). If POC is required,
use the racks supplied for VOA vials and load them
directly onto the sampler. Do not open VOA vials.

8.4.2 Press SET SYSTEM CONFIG 1. Set the following
parameters:

ACID INJECTION PUMP: Enabled
OXID INJECTION PUMP: Enabled
SAMPLE PUMP: Enabled

' SAMPLE LOOP VALVE: Enabled
AUTO-RUN ANALYSIS: Enabled
AUTO-PRINT: Enabled
AUTO-SAMPLER: Enabled
READY/STANDBY STATUS OVERRIDE: Disabled
SAMPLE ID NUMBER: 01
SAMPLE STOP NUMBER: **
NUMBER OF REPS PER SAMPLE: 1

**Position of last sample on the autosampler

8.4.3 Advance the sampler so that the first sample is under
the sample line.

8.4.4 Press RUN/START. The run will proceed automatically
and stop when the last sample has been analyzed.

8.4.5 Dilute and reanalyze any samples more than 50 mg/L.
Turn off the deionized water reservoir when done.

9. QA/QC Requirements

9.1 QC Samples

9.1.1 Analyze one sample of deionized water with every bate:
of 20 or less samples.
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9.1.2 Two LCS samples are required with every batch of 20 or
less samples.

9.1.3 Linearity check standards (5, 25, 50 mg/L) are
required at the start of every run. Calibration
checks (25 mg/L) are required after every 10 or less
samples and at the end of the run.

9.1.4 Duplicates may be required as project specific QC.

9.1.5 Spikes may be required as project specific QC. Dilute
1.0 mL stock standard to 100 mL with sample. The
spiking concentration is 10 mg/L TOC. See your
supervisor if spikes are required for POC.

9.2 Acceptance Criteria

9.2.1 Control limits are^

Accuracy Precision

TOC 91 - 109% 20%
POC 70 - 130% 20%

9.2.2 Standard checks must be within 10% of the expected
value.

9.2.3 There are no acceptance criteria for project scecif-'c
QC.

9.3 Corrective Action Required

Verify that the instrument is properly calibrated. Check
autosampler tubes for contamination. Be sure that the sample
pump and reagent pumps are operating correctly. Recalibrate and
reanalyze samples as necessary.

Check for nonlinearity and also the IR output. If it is t:c
high, the cell may need cleaning. Consult your supervisor.

Check gas flows with and without heating of the primary tra~ a~:
POC trap. If the flow drops below 4.5 (primary trap) or 4.0
(POC trap) when heat is applied, the traps need maintenance.
See your supervisor.



- r~• nr

TOC

SOP No.: Revisi en No.: Effective Caie;
LM-RHA-1056 1.0 August 1, 1983

10. Calculations

Record the results printed out for each sample. Multiply by any
dilution made to get the final result.

11. Reporting

11.1 Reporting units are mg/L

11.2 Reporting Limits

Samples less than 0.1 mg/L are reported as ND.

11.3 Significant Figures

0.1 to 0.9 mg/L 1 significant figure
> 1.0 mg/L 2 significant figures

11.4 LDMS Data Entry

The usual standards for data entry apply.

12. References

12.1 Method Source: ERA Method 415.1

12.2 Deviations from Source Method and Rationale

12.1 The source method is vague as to specific procedures i:
follow and references the instrument manual.

12.2 Solids are excluded from analysis unless specifically
requested on the samples. Solids preclude the use of an
autosampler and cause carryover and erratic response.
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ETC

1.1 Total Orgar.ic Carbon is measured using the Dchrrr.ar. ZC-:

carbrr. analyzer coupled with the PRG-1 furr.ace module.

1.2 A known weight of sample is combusted in an oxygen

atmosphere at SOC C, in the presence of a copper

catalyst. Carbonaceous materials are converted to

carbon dioxide. The C02 formed is quantified using an

N2IR detector.

1.3 Intact samples are taken for analysis to minimize loss

of volatile components. Results are reported en a 'we-

weight basis".

1.4 Data is reported in me/kg. Method detection limit is

100 mg/kg.

1.5 If the results are to be reported on a "dry weight

basis", a % solids determination is required and is

applied to data calculations.
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ir. ~O5C Career. Ar.aj.yzer

2.2 Dchr.T.ar. PRG-1 Furnace Module

2.2 Dchr-ar. Sludge/Sediment Sampler Accessory

2 • 5 Char.r. Electro Balance

2.6 Quarrz Wccl and Sarr.pie Boats

2.7 Stainless Steel Forcepts/Spatula

2.8 Dchrmann Oxidation Promoter (PN 511-883)

3.0 REAGENTS

3.1 Carbon stock solution (10,000 mg/1) - dissolve 21.:

graavs cf primary standard grade potassium hydrogen

phthalate (anhydrous, dried @ 105 C for 2 hours, c:

in a dessicator) into 800 ml cf BIHQK (1 mi = 1C. C
i

Add 2 -1 1-rl K2S04, then dilute tc 1 litre with ":-

Stock solution is stable fcr 6 months.

3.2 4000 mg/1 standard - dilute 40 ml cf the "stock'

solution. Add 2 r.l of 1 + 1 K2S04, then dilute tc i:

3.3 2CCO mg/1 standard - dilute 20 ml cf the "stock-

solution. Add 2 ni cf 1+1 K2S04, then dilute re li

r
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Standards fcr soil analysis -ust be repared fr

weekly .

3.7 H2S04 scluticn (1-1) (V/V) - Add with constant r.ixir.

an ice bath. 1C 3 ml cf concentrated ACS A5. grade

sulfuric acid to 100 ml cf deior.ized water

3.5 Potassium presulfate - phosphoric acid reagent (2\] .

Dissolve 20. Og of reagent grade potassium persulfate

(K2S208), add 2.0 ml of concentrated (85%) phosphori

acid (K2P04). Mix thoroughly and dilute to 1 litre

DIKC-. Prepare fresh monthly.

3.9 Hydrochloric acid solution (1 + 9) - add 10 -.1 cf ccr.c.

ACS (AR) HCL to SO ml cf DIHOH. Mix thoroughly.

Inorganic carbon (carbonates and bi-carbonates )

represent positive interferences. Inorganic carbon is

removed by treating a known weight cf sample with

several drops cf 1+9 HCL solution. Additional acid is

added dropwise until inorganic carbonate removal is

complete .
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4.2 Ncn-hcmcgencus matrices may yield peer rerrcducibilitv

Homogenize the intact sample by grinding zz obtain a

representative aliquot.

I

5 . ~L Check and document the calibration cf the electro

balance as per the instrument manual.

5.2 Identical weighing pans should be in place en the "=.'

and "tare" positionns cf the balance.

*̂ ^
5.2 Set the range at the "E" 1200 mg position. The readout

should be 0.00 mg. Close the balance. Allow to j

stabilize, then depress the tare. The readout should be

stable at 0.00 mg. I

5.4 Place a 1000 mg Class "S" weight on to Pan "E". Record !

the result. Depress the 'CAL" button to calculate to

1000 mg. Record the result. Repeat the procedure and •

confirm calibration.

5 . 5 Then weigh ana record the values obtained from t.-.s

following Class "£" weights:

100.0 mg
10.0 mg I
5. 0 mg

5.6 All values obtained should be within 1% cf the expected ;

value. If not, recalibrate the balance as per Section
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~ u r r. a c e cu t _L e t t u c e is c c r. r. e c ~ e z t c c u _ .< r. e a - ~ -. . .-. 1 s r

see attached asseriiy drawing.

6.2 Position the beat carrage under the sa.-r.ple inlet clcck.

Place the sa.-ple boat into the carrier using f crceprs .

Place a. piece cf quartz wocl into the beat and clcse the

inlet block.

6.3 Turn on the power to the FHG-1 furnace nodule.

6.4 If fresh oxidation promoter (PN 511-8535 is used,

condition by heating for 1 hour with the furnace exit

tube irrr.ersed in basic DIHCH. After 1 hour, connect the

furnace exit tube to the UV module at bulkhead i* 4 .

Verify flow within the reactor.

6.5 If "pre-conditioned" oxidation promoter is used, connect

the furnace exit tube to the UV reactor module at

bulkhead (14. Verify flow within the reactor. Allow the

system to come up to full temperature and stabilise for

30 minutes .

6.6 Verify the following:



c Cxygen is :lowing in the reartcr

c Normal system bar*: pressure

o UV lamp is turned cff

c Reactor is filled with reagent

c Quartz wool is in the boat

c Mode is TCC

c Volume is 40 ml

o Pump is en

o Baseline is stable at C.0100 units in "DET" r.cde

6.7 Set the IR node to DET. Decalibrate the instrument by

depressing the CALI3 button for 3 seconds.

6.S Adjust the baseline to 0.0100 units. It should be

stable after the furnace temperature has reached 8GCCC -

0.0002 units.

6.9 Decontaminate the sample boat by pushing it into the

combustion zone 'for 2 minutes. This will remove anv I
I

organic residues en the boat. Instrument baseline will

return to normal when boat is clean. i

7.C CALIBRATION

7.1 Inject 40 ul of the 200C.O mg/1 carbon standard into the

cooled sample boat via the liquid injection port. Slide

the boat into the combustion zone. :



volu-es on t'r.e 2CCC ir.g/1 calibration standard. T.-.e

response values should be within 5% of the -ear.. If

not, repeat the calibration procedure.

7.3 Press the "calibrate" button and record the -ear.

response value and the "adjusted" PPM value fro- the

calibration sequence. The viiue should be 2CCC.C ??.'•'. C

± 5% .

8.0 CHECK STANDARD ANALYSIS

8.1 Analyze single 40 ul injections of each of the followi.-.cr

acidified and sparged standard solutions.

Method blank

100 ng/1 carbon standard

1CCO mg/1 carbon standard

2CCO r.g/1 carbon standard

4COO mg/1 carbon standard

8.2 Calculate the \ Recovery. Recoveries should be within

10% of the known standard value. If net, re-analyse the

standard.
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Observed Result
___________ x ic:

9. 1C Re-eve the quart.: wool and tare the coci,

boat en par. "5" (1200 mg range) of the electro balance

Remove the tared boat from the balance, then add a

homogenous amount of sample to the boat. Reweigh and

record the weight in mg.

9.11 If organic carbon is to be determined, re-eve

inorganic carbonates by treating a kncwn weight c:

sample with several drops of 1+9 HCL. Wait until

effervescing is completed and add additional acid

Continue this process until the incremental

addition of acid causes no further ef f ervescer. re .

Proceed to 9.3.

9.2 If total carbon is to be determined, omit the additicn

of KCL reagent to the sample. Report data as " Total

Carbon". Proceed to 9.3.

9.3 Transfer the "loaded boat' to the sample carriage via

the inlet block. Allow the system to stabilize fcr 21

seconds after closing the inlet block.

9.4 Push the start button ar.d slide the boat into the

furnace ccrJzustion zone. Allow the instrument te

t~y
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r . £ Calculate the carbon concentration fcr tr.e sa.-ple

the following:

-g/kg = 40 (LED ppirO

Sa.~pie weight ng

All data is reported to three sigr.ificar.t figures.

10.0 QUALITY CONTROL

10.1 Four calibration standards are analyzed fcr each

analytical run. The % recoveries are calculated fcr

each.

1C.2 A 2000 PPM check standard is analyzed every 10-15

samples and at the end of each analytical run. The %

recovery is calculated.

10.3 A method blank (40.0 ul of DIHOK) is analyzed cr.ce per

batch. Results must be less than the MDL.

r?
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E?A re re :.s ar.a.

calculated. The value cttair.ed sr.culd be w;

E?A li-its.

10.5 All sarr.pies are run in duplicate at nir.i-ur.



——— ETC ———
Total Organic Carbons in Soils
QW- Batch:
GC-Batch: _

Verified:

Instrument:

Method Ret: EPA 415.1, SW-845 SC60 Page _

EPA AD/A103 788 (Combustion ,<IR) Date: _

MDL: 100mg/kg Time:_

Matrix: Soil/Solids Analyst:

Job*

Weight

mg

HCL

Added

Inject

#

LED

Value

I
Cone mg/kg! %

Wet Wt. Solids

Cone mg/kg

Dry Wt : Ccmrrents

i

I

BALANCE CALIBRATION DATA:

1000 mg Initial = ____________

1000 mg CAUB = ___________

10 mg CLASS'S' =

5 mg CLASS 'S' =

100 mg CLASS'S' =

CV-12 5/90 R e v . 0

mg/kg = 40 x LED ^ % Solids

mg 100
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STANC.-P:
OPERA" I', 3
PROCEDURE

Subject c r T i t l e : P a g e 1 o f 1 5
CLP Inductively Coupled Plasma Analysis (ICP)

S O P N o . : R e v i s i o n N o . : E f f e c t i v e Date:
LE-RMA-2000 Original November 22, 1939

Supersedes: J V A ~ ~

1.0 Scope and Application

1.1 This method is applicable for the determination of metals
required under the CLP SOW (Al , Sb, Ba, Be, Cd, Ca, Cr, Co, Cu,
Fe, Pb, Mg, Mn, Ni , K, Ag, Na, V, and Zn) in water and soil
samples. This method may also be used for the determination of
Non - CLP metals (B, Mo, Si, Sr, and Ti).

1.2 Detection Limits

1.2.1 Contract Required Detection Limits (CRDL)

Detection limits are those listed in current SOW.

1.2.2 Instrument Detection Limits (IDL)

1.2.2.1 Detection limits are calculated quarterly
according to current SOW protocol.

1.2.2.2 A table of current quarterly IDL's are
distributed to the analytical staff, data
review, and report generation upon completion of
quarterly IDL's.

1.3 Analytical Range

1.3.1 Linear ranges are checked quarterly according to the
current SOW.

Prepared by: Date:
Scott Hoatson ^ October 11, 1989
__________ / _________________________________________
Management Approval: Date:

jj-z /*?
QA Officer 'Approval : y Date':



STANDARD
OPERATING
PROCEDURE

Page 2 of

SOP No.: Revision No.: Effective Date:
LE-RMA-2000 Original November 22, 19c-

1.3.2 Aluminum : 0 - 600 mg/L Al in solution.

1.3.3 Iron : 0 - 500 mg/L Fe in solution.

1.3.4 Cations (Ca, Mg, K, Na) : 0 - 1000 mg/L of analyte in
solution.

1.3.5 All other metals : 0 - 100 mg/L of analyte in
solution.

i

1.4 The approximate analytical time of one sample is 3 min.

2.0 Summary of Method

2.1 Aqueous samples or digests are nebulized into a spray chamber.
A stream of argon gas carries the sample aerosol through a
quartz torch and injects it into the plasma. The plasma of
ionized argon is sustained at temperatures as high as 10,000°K
by a Radio Frequency (RF) generation source.

2.2 Once the aerosol reaches the plasma, the sample is desolvated,
decomposed, the elements are excited and emit their
characteristic radiation.

2.3 The emitted light energy is then directed through the entrance
slit, defracted by the grating, refocused on the exit slits
and projected on photomultiplier tubes (PMT) specific for each
element. The PMT's convert the light energy to an electrica;
signal that is digitized and processed by the instrument' s
computer.

3.C Comments

3.1 Interferences

3.1.1 Background emission may be caused by, among ether
things, continuum emission and viscosity differences.
Background correction points are required for each
element (see ICAP 61 operator's manual).

3.1.2 Interelement interferences occur when elements in the
sample emit radiation at wavelengths so close to that
of the analyte that they contribute significant
intensity to the analyte channel. If such conditions
exist, the intensity contributed by the matrix elements
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will cause an excessively high (or sometimes low)
concentration to be reported for the analyte.
Interelement corrections (lEC's) must be applied to
analyte to remove the effects of these unwanted
emissions. To calculate an IEC, standardize the ICP,
set analysis mode to Standardized Intensity Ratio ar.d
analyze the "interfering element" at its upper linear
range. Divide the concentration of the analyte by the
concentration of the "interfering element". That
number is the value entered in the IEC table for the
analyte.

3.2 Helpful Hints

3.2.1 Use the correct digest for analysis, it is marked
"HC1/HN03 ICP"

3.2.2 Follow the prepared ICP RAW DATA Checklist.

3.2.3 When correcting a mistake, draw ONE line throuah the
mistake, make CORRECT entry, and INITIAL the
correction.

3.2.4 Use correct ICP method, EPA2 for normal RAS analysis,
and EPA1 when analytes other than RAS elements are tc
be analyzed.

3.2.5 Have a copy of the prep sheet handy during analysis.
The prep sheet has blank and duplicate sample
information as well as matrix specific QC informal:-
and other special instructions on it. Samples car, ;r
marked off as they are analyzed so 10 samples are -::
exceeded between calibration checks.

3.2.6 Verify that the "SB" and "FAT" lights are lit on the
front of the spectrum shifter controller. If there
a power interruption, they won't be lit. To reset,
section 9.5.

4.0 Safety Issues

4.1 Many of the metals determined by this method are extremely
toxic and/or carcinogenic. Care should be exercised when
preparing standards from concentrated stock solutions. We;
gloves, safety glasses, and a lab coat.

fi •_ .
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4.2 All of the samples may contain unknown contaminants at unknown
levels other than the analytes being tested. Appropriate care
should be taken when handling them.

4.3 The plasma emits strong UV light and is very harmful to
vision. AVOID LOOKING DIRECTLY AT THE PLASMA.

5.0 Apparatus

5.1 Thermo Jarrell Ash ICAP 61 Simultaneous Plasma Emission
Spectrometer. It consists of a 0.75 meter Polychromator that
accepts up to 63 channels, an R.F. generator, an inductively
coupled argon plasma (ICAP) excitation source and an IBM
compatible Data Acquisition System.

5.2 Gilson peristaltic pump.

5.3 Eppendorf 10 - 100 uL and 100 - 1000 uL adjustable pipettors.

5.4 Oxford 1 - 5 mL and 5 -10 mL adjustable pipettors.

6.0 Reagents, Standards, and Supplies

6.1 EPA ICP CCV solution prepared by a standards prep analyst at
RMAL.

6.2 EPA ICP CRI stock solution prepared by a standards prep
analyst at RMAL.

6.3 ICV concentrate solutions are prepared by EPA Las Vegas/ UNLV.
Working solutions are prepared daily according to the tiilu~:-
instructions accompanying the concentrates.

6.4 Interference Check solutions A & B are prepared by EPA
Las Vegas.

6.5 Calibration standards prepared monthly by Environmental
Resource Associates.

6.6 Approximately 5 ppm Cd profiling solution prepared at RMAL.

6.7 ICAP check standards prepared by EPA - Cincinnati (ICAP-19 ar.c
ICAP-7.

6.8 1000 ppm Yttrium stock solution.
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6.9 Five dram snap cap v ia ls .

6.10 Disposable 0.45 urn syringe f i l ters and syringes (Gelman or
equivalent).

7.0 Procedure

7.1 Initiating the Plasma

7.1.1 Turn on the coolant water, argon, and exhaust fan.

7.1.2 Confirm that the argon supply is sufficient.

7.1.3 Turn on the mass flow controller.

7.1.4 Open the coolant and plasma toggle switches.

7.1.5 Set the coolant flow to 1.55 using the mass flow
controller.

7.1.6 Turn on the peristaltic pump.

7.1.7 Aspirate DI rinse water for approx. 2 min. to humidify
the spray chamber.

7.1.8 Using the sample flow knob on the front of the ICP,
turn off the sample flow for 1 to 2 minutes.

7.1.9 Confirm: A. automatic power control set to automatic
B. forward power is on

7.1.10 Press red RF ON button.

7.1.11 Slowly turn the FORWARD POWER control knob clockwise
until the forward power meter reads 0.5 kilowatts.

7.1.12 Press ignitor button and slowly turn FP knob fully
clockwise.

7.1.13 Slowly turn up sample flow volume and close plasma
toggle switch.

7.1.14 Using the mass flow controller, set the sample flow.
Aspirate 1000 ppm yttrium and adjust sample flow until
pink area extends 8 mm from the top of the coil.
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7.1.15 Allow the ICP to warm up for a minimum of 30 minutes
before profiling.

7.2 Using Jarrell Ash Software

7.2.1 Turn computer on.

7.2.2 The computer will automatically run the AUTOEXEC.BAT
file, which places user in the MAIN MENU.

7.2.3 From the MAIN MENU, choose the OPERATION option (by
pressing the ENTER key).

7.2.4 From the OPERATION menu choose the ANALYSIS option
(also pressing the ENTER key).

7.2.5 The computer will then prompt the user for which method
to use: Press the ENTER key to default to the current
method shown. F6 will call up a list of methods
currently on the hard drive.

7.2.6 In the ANALYSIS mode, the user has a choice of
functions to execute (at the bottom right of the
screen).

7.2.7 To Standardize: press the F3 key.

a. Make sure to standardize in order of standards
shown.

b. Press Fl to start analyzing the standarc.
c. Press F4 to print exposures just run.
d. Press F9 to keep the exposures and go on to the

next standard.
e. Repeat until all standards are done.
f. The computer will display the statistical data for

the standardization. Press F2 to print this data,
g. When the statistical data is printed, press F9 to

save the data and return to the ANALYSIS mode.

7.2.8 To Analyze Samples: press the Fl key.

a. Enter the name of the sample and press ENTER.
b. Enter a comment if necessary and press ENTER.
c. Enter the user ID and press ENTER.
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d. Enter the Correction factor(Dilution factor) and
press ENTER.

e. Any of the last four steps can be eliminated if the
default values are already set as desired.

f. Press Fl to initiate exposures.
g. There are two ways to SAVE and PRINT the analysis

data.

1. If this is the first time data is saved,
press ALT F4 to store the data to the hard
drive. Enter the name of the file and press
ENTER. The name of the file is determined
by the date and the shift the analysis takes
place during, ex: DAY-shift analysis on
6/23/88 file name is 00623, NIGHT shift is
N0623. After the data is stored press ALT
F2 to send the data to the printer.

2. If data is saved to a file previously named,
press CTRL F3 to execute the Macro. Enter
the name of the Macro and press ENTER. Just
press ENTER if the desired Macro is the
default value. The Macro named " SAVE" w i l l
store and print the analysis data and return
the user to the analysis menu ready to enter
the name of the next sample.

h. To exit the software press CTRL F9. This returns
the user to the main menu then press E to exit to
DOS.

7.2.9 Archiving Data

a. Make sure that you are in the MAIN MENU (press CTRL
F9 if you are not sure) and press I (for IMS,
Information Management System),

b. From the IMS menu press F (for FILER).
c. From the FILER renu use the ARROW keys to move the

Light Bar to 12. SAMPLES ARCHIVAL and press ENTER.
d. Press Fl for ARCHIVE.
e. Use the ARROW keys to move the Light Bar to FILE

NAME(S) and press F6 to list the files available,
f. Press F2 to deselect all of the file names, then

enter the number that corresponds to the file to
archive and press ENTER. Press F9 to keep the
file.
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g. Make sure there is a blank formatted disk in drive
"A" and press F9 to begin archiving.

h. To FORMAT a floppy disk, at the analysis screen
press CTRL F3 and enter "FORMATA", press ENTER and
follow the prompts. This a Macro that allows the
user to format disks while in the Jarrell Ash
software. If using a high density floppy to store
data onto, press CTRL F3 and enter "FORMATS", place
the floppy in Drive B.

i. If the high density disk has been used to store
other data, exit to DOS to check the filename(s) on
the disk. To do this, type "B:", then type "DIR" to
view the files directory. If ANADATA.ARC is in the
directory it needs to be renamed. If it is not in
the directory then data can be archived onto the
floppy as 1s.

j. To rename ANADATA.ARC type"RENAME
ANADATA.ARC,FILENAME.ARC" (FILENAME.ARC is a
generic reference to an ICAP data file i.e.
D0815.ARC). Now data can be archived to the
floppy. After data.has been archived, rename the
file in the above manner.

k. Press CTRL F9 to return to the MAIN MENU from
anywhere in the program.

7.3 Standardization

7.3.1 There are 4 solutions for instrument standardization:
a. 2.5% HN03, 2.5% HCl BLANK
b. 1 ppm Silver in 4% HN03
c. 1 ppm Heavy Metals (10 ppm Al, Fe, Se) in

HN03/HC1
d. 100 ppm Cations (Ca, Mg, K, Na) in 2.5%

7.3.2 These standards are prepared monthly by ERA
(Environmental Resource Associates. The source and
number is to be recorded on the front page of the
standardization data printout.

7.3.3 The software is set up to run 2 exposures for eac"
standard.

7.3.4 See the above section on the software for
standardization procedure.
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7.4 Profiling

7.4.1 Aspirate the 5 ppm Cd profiling solution.

7.4.2 From the Analysis screen on the computer, press the
appropriate Function keys to initiate Manual
Instrument Profile. Follow step by step instructions
that appear on the computer monitor (Note: the
directions given for turning the micrometer are
backwards, so turn the micrometer in the opposite
direction.)

7.5 Sample Analysis

7.5.1 All ERA Inorganic cases in house are listed on a
computer generated Sample Analysis Status Report.
They are listed according to due dates.

7.5.2 The analyst refers to the assignment board in the lab
supervisors office to determine which cases need to be
analyzed. Then he or she checks the ERA project files
kept 1n the inorganic open area.

7.5.3 The prep sheet, included in the file, lists all of the
sample numbers, prep date and volumes, dilutions, and
special Instructions.

7.5.4 The prepared samples are stored on shelves A-0 to E-5
located between the AA and ICP areas.

7.5.5 See analysis procedure above in SOFTWARE section.

7.5.6 Quality control and sample analyses run during one
shift comprise the analytical run.

7.5.7 The following quality control operations must be
performed during each analytical run:

a. Initial Calibration Verification
b. Initial Calibration Blank
c. CRI (every 8 hours or at beginning and end of

analytical run)*
d. ICSA (every 8 hours or at beginning and end of

analytical run)*



STANDAR:
OPERATING
PRCCE:U=E

Page 10 of

SOP No.: Revision No.: Effective Dare:
LE-RMA-2000 Original November 22, 19

e. ICSAB(every 8 hours or at beginning and end of
analytical run)*

f. Preparation Blank (with each RMA project number)*
g. DCS (with each RMA project number)*
h. Duplicate Sample Analysis (with each RMA project

number)*
i. Matrix Spike Analysis (with each RMA project

number)*
j. 5X Serial Dilution analysis (with each RMA project

number)*
k. Continuing Calibration Verification (CCV) (every 10

samples and at the end of the analysis run after
the final ICSAB)*

1. Continuing Calibration Blank (CCB) (every 10
samples)*

7.5.8 At the close of each analytical run, archive the data
using the procedure described above.

* For explanations and control limits See exhibit E of SOW 787
attached. It also contains actions to be taken if any of the QC
requirements are not met.

7.5.9 Include photocopies of of the standardization,initial
calibration checks and interference check data with
each RMA project. Also include any pertinent CCV/CC3
data from a previous project. Write the RMA project
number and the disk number at the top of the raw data.

7.5.10 The originals of the standardization data are kect 1-
a file in the Data Review office.

7.6 Nightly Shutdown

7.6.1 Archive data from analysis run.

7.5.2 Turn down forward power control knob until plasma gees
out.

7.6.3 Turn off everything mentioned in section on
"Initiating the Plasma".
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8.0 Changing Torch Assembly

8.1 Removal

8.1.1 Turn plasma off.

8.1.2 Turn RF power off.

8.1.3 Allow torch to cool for 1-2 min. (a hot torch looks
just like a cold torch).

8.1.4 Open torch access door.

8.1.5 Using a penny as a screwdriver,unscrew and remove the
left side of cowl that holds torch alignment.

8.1.6 From access where nebulizer is housed, reach behind
nebulizer and remove the black spring clamp from the
base of the torch.

8.1.7 Carefully lift the torch up and out through the
nebulizer access area. Take care not to bump torch on
anything as it is very fragile and is likely to chip
or break.

8.1.8 Detach the gas hoses from the torch, pay attention to
which line attaches where for later installation.

8.1.9 Inspect torch and tip for damage or clogs.

8.2 Installation

8.2.1 Choose torch/tip assembly from supply. If original
torch is still in good condition then just replace the
torch tip.

8.2.2 Match torch number with tip number.

8.2.3 Insert new tip into torch. Align the line on the
fritted portion at the bottom of the torch with the
line on the fritted portion of the torch tip.
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8.2.4 Look down on the torch assembly from the top. visually
assure that the tip is centered in the torch. Rotate
the tip as necessary to center the tip. Attach the
rubber band around the hooks at the bases of the torch
and tip.

8.2.5 Replace the torch assembly into the ICP by reversing
the steps in section 8.1.

8.2.6 See section 7.1 on Initiating the Plasma.

9.0 Troubleshooting - Common Problems

9.1 If RF alarm goes off while the plasma is lit, immediately
press the BLUE (RF off) BUTTON on the center panel of the ICP.
This alarm indicates there is a problem with the system.
Turning the power off quickly can help save the components
from damage.

9.2 Blanks are reading high in certain elements, usually Cu, Fe,
or Zn (normally after the interference check or a high
sample), or these elements taking a long time to flush out of
the system.

9.2.1 Insert sample tubing into 10% HN03/HC1 and allow to
flush for several minutes. Then flush with DI water
for approximately 1 minute.

9.2.2 If the problem still exists, then the torch tip is
most likely contaminated or has a particulate
occlusion. Open torch access door and visually
inspect the torch tip for discoloration and signs cr

blockage.

9.2.3 Follow the instructions in section 8.0 on changing the
torch/tip assembly. Only replace the tip.

9.2.4 Relight the plasma, reprofile, and restandardize the
instrument.

9.3 Sample takes a long time to travel through the tubing to the
nebulizer.
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9.3.1 Check for a plug in the nebulizer by releasing the
clamp on the peristaltic pump and checking the sample
flow through the tubing. There should be a steady
sample flow without the help of the pump. If there
isn't then there is probably a restriction (usually a
"fuzzball" at the junction of the sample tubing and
the nebulizer inlet). This kind of a clog may also
cause a small "drip" at the aforementioned junction or
cause the tubing to detach itself due to back
pressure. Turn off the plasma before trying to remove
the restriction.

9.3.2 If there is not a plug in the nebulizer, then the pump
tubing may be worn, line! amp the tubing from the
peristaltic pump. Roll the center of the tubing
between your fingers to check for a "Flat Side". If
this is the case then replace the tubing.

9.3.3 Another possible cause to the problem, albeit an
unlikely one, is not enough Argon flow through the
sample line. Normally this can be readily spotted
from the reading on the front of the Mass Flow
Controller. If there is a leak in the gas line, then
the Mass Flow Controller will read correctly but the
flow to the nebulizer will be greatly reduced or
nonexistent (this situation may also cause the meltirg
of torches). To check for this situation, turn off
the plasma and remove the gas line from the center c-
the nebulizer (leave the gas flow on) and plug the e —
with a finger. The gas flow reading should drop to
zero. If there is no drop in the gas flow reading z-
the Mass Flow Controller, then there is a leak in the
line somewhere. Use "Snoop" to find the leak, repai-
the leak and relight the plasma.

9.4 Cadmium readings are significantly negative in samples and
blanks.

9.4.1 The system was not flushed well enough after
and there was Cadmium carryover in calibration
standard 1 (Blank). As time goes by and the system
gets flushed out cadmium results w i l l go negative.
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9.4.2 Contamination in calibration sample number 1 (Blank)
w i l l cause the same symptoms. Try using a new
calibration standard 1.

9.5 There are no intensty readings when profiling or
standardizing.

9.5.1 The sample tube is not far enough in the standard
bottle, no sample is being aspirated.

9.5.2 Is the "POWER" button on the front of the spectrum
shifter controller lit ? If it is not, press the
"POWER" button and the light should come on.

9.5.3 Open the back panel of the spectrum shifter controller
and check the circuit breaker to see if 1t is tripped.
Reset the circuit breaker if necessary and press the
"RESET" button in the back. Close the back panel.

9.5.4 Press the BLUE button on the front of the spectrum
shifter controller above the N+l dynode. This is also
a reset button. The instrument should now be ready
for use.

9.6 Profile intensities change significantly from previous day.

9.6.1 Torch may be out of alignment. Realign torch, see
supervisor if needed.

9.6.2 Gas flows may be incorrect. Check flows using 1GCC
ppm Yttrium (See 7.1.14).

9.6.3 Mirrors may be out of alignment. See supervisor pric-
to adjustment for the first time.

9.5.4 A new torch may have been installed, check logbcck t;
see if entry has been made.

9.6.5 Changes in profile intensity are common and they nee:
to be investigated. However as long as the Cu/Ti
ratio remains relatively constant then the instrument
parameters are still constant and the lEC's won't te
affected.
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r SECTION I

CENTRAL QA/QC PRACTICES

Standard laboratory practices for laboratory cleanliness as applied
to glassware and apparatus must be adhered to. Laboratory practices with
regard to reagents, solvents, and gases Bust also be adhered to. For
additional guidelines regarding these general laboratory procedures, see
Sections 4 and 5 of the Handbook for Analytical Quality Control in Water
and Vastevater Laboratories EPA-600/4-79-019, USEPA Environnental
Monitoring and Support Laboratory, Cincinnati, Ohio, March 1979.

L-

E-l 7/88



SECTION II

SPECIFIC QA/QC PROCEDURES

The quality assurance/quality control (QA/QC) procedures defined
herein must be used by the Contractor when performing the method* specified
in Exhibit D. Vhen additional QA/QC procedures are specified in the
methods in Exhibit D, the Contractor must also follow these procedures.
NOTE: The cost of perforaing all QA/QC procedures specified in this
Stateaent of tfork is included in the price of performing the bid lot,
except for duplicate, spike, and laboratory control sample analyses, which
•hall be considered separate sample analyses.

The purpose of this document is to provide a unifora set of
procedures for the analysis of inorganic constituents of samples,
documentation of aethods and their performance, and verification of the
sample data generated. The program will also assist laboratory personnel
in recalling and defending their actions under cross examination if
required to present court testiaony in enforcement case litigation.

The primary function of the QA/QC progran is the definition of
procedures for the evaluation and documentation of sampling and analytical
•ethodologies and the reduction and reporting of data. The objective is to
provide a unifora basis for sample collection arid handling, instrument arid
•ethods maintenance, performance evaluation, and analytical data gathering
and reporting. Although it is impossible to address all analytical
situations in one document, the approach taken here is to define minimum
requirements for all major steps relevant to any inorganic analysis. In
aany instances where methodologies are available, specific quality control
procedures are incorporated into the method documentation (Exhibit D).
Ideally, samples involved in enforcement actions are analysed only after
the methods have met the minimum performance and documentation requirements
described in this document.

The Contractor is required to participate in the Laboratory Audit and
Intercocparison Study Program run by E?A EHSL-Las Vegas. The Contractor
can expect to analyze two samples per calendar quarter during the contract
period.

The Contractor oust perform and report to SMO and EJiSL/LV as
specified in Exhibit B quarterly verification of instrument detection
limits (IDL) by the method specified in Exhibit E, by type and model for
•ach instrument used on this contract. All the IDLs must meet the CRDLs
specified in Exhibit C. For ICP methods, the Contractor must also report,
as specified in Exhibit B, linearity range verification, all interelement
correction factors, wavelengths used, and integration times.

In this Exhibit, as veil as other places vithin this Statement of
Work, the term "analytical sample' is used in discussing the required
frequency or placement of certain QA/QC measurements. The tarm "analytical
sample" is defined in the glossary, Exhibit C. As the term is used,
analytical sample includes all field samples, including Performance
Evaluation samples, received from an external source, but it also includes
all required QA/QC samples (matrix spikes, analytical/post-digestion
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•pikes, duplicates, serial dilutions, LCS, ICS, CRDL standards, preparation
blanks and linear range analyses) except those directly related to
instrument calibration or calibration verification (calibration standards,
ICV/ICB, CCV/CCB). A 'frequency of 10%" Beans once every 10 analytical
sanples. Note: Calibration verification samples (ICV/CCV) and calibration
verification blanks (ICB/CCB) are not counted as analytical samples vher.
determining 10% frequency.

• In order for the QA/QC information to reflect the status of the
sanples Analyzed, all samples and their QA/QC analysis mist be analyzed
under the same operating and procedural conditions.

If any QC aeasureaent fails to meet contract criteria, the analytical
measurement may not be repeated prior to taking the appropriate corrective
action as specified in Exhibit E.

The Contractor must report all QC data in the exact format specified
in Exhibits B .and H.

This section outlines-the mir.imum QA/QC operations necessary to
satisfy the analytical retirements of the contract. The following QA/QC
operations Bust be performed as described in this Exhibit:

1. Instrument Calibration
2. Initial Calibration Verification (ICV) and Continuing Calibration

Verification (CCV)

3. CRDL Standards for AA (CRA) and 1C? (CRI)

4. Initial Calibration Blank (ICB), Continuing Calibration Blank
(CCB), and Preparation Blank (?B) Analyses

5. ICP Interference Check Sample (ICS) Analyses
6. Spike Sample Analysis (S)

7. Duplicate Sample Analysis (D)

8. Laboratory Control Sample (LCS) Analysis
9. 1C? Serial Dilution Analysis (L)
10. Instrument Detection Limit (IDL) Determination
11. Interelement Corrections for 1C? (1C?)
12. Linear ILange Analysis (LRA)
13. Furnace AA QC Analyses

1. Ir.strumerit Calibration

Guidelines for instrumental calibration are given in E?A 600/4-79-C2C
and/or Exhibit D. Instruments Bust be calibrated daily or once every ;
hours and each time the instrument is set up. The instrument
standardization date and time must be included in the raw data.

For atoaic absorption systems, calibration ttandards are prepared by
diluting the stock metal solutions at the time of analysis. Date and
time of preparation and analysis oust be given in the raw data.
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Calibracion atandards ouaC be prepared fresh each time an analyiis is
Co be made ar.d discarded after use. Prepare a blank ar.d at least three
calibration standards in graduated amounts in the appropriate range.
One atoaic absorption calibration standard must be at the CR3L except
for mercury. The calibration standards oust be prepared using the same
type of acid or combination of acids and at the saae concentration as
will result in the samples following sample preparation.

Beginning with the blank, aspirace or inject the scandards and record
Che readings. If the AA instruaent configuration prevents che required
4-poinc calibration, calibrate according to instruaent manufacturer's
recommendations, and analyze che remaining required standards
immediately after calibration. Results for these standards oust be
vichin i 5% of che crue value. Each standards concentration and the
calculations to show chaC Che i5% criterion has been met, must be given
in che raw data. If the values do noc fall within this range,
recalibration is necessary.

The ± 5% criteria does not apply to che atomic absorption calibration
standard at Che CUDL.

Calibration standards for AA procedures must be prepared as described
in Exhibit D.

Baseline correction is acceptable as long as it is perforaed after
every sample or after Che concinuing calibration verification and blank
check; resloping is acceptable as long as it is immediately preceded
and immediately followed by CCV and CC3. For cyanide and mercury,
follow che calibration procedures outlined in Exhibit D. One cyanide
calibration standard must be at Che CRDL. For ICP systems, calibrate
the instrument according to instrument manufacturer's recommended
procedures.. At least tvo standards must be used for 1C? calibration.
One of che standards must be a blank.

2. Initial Calibration Verifieatior. fTCV ar.d Cortir.uirig Calibration
Verification 'CCV1

a. Initial Calibration Verification (ICV)

Immediately after each of Che 1C?, AA and cyanide systems have
been calibrated, che accuracy of the initial calibration shall be
verified and documented for every analyze by che analysis of E?A
Initial Calibration Verification Solution(s) at each wavelength
used for analysis. When measurements exceed che control limits of
Table 1-Initial and Concinuing Calibracion Verification Control
Limits for Inorganic Analyses (in Exhibit E), che analysis must be
terminated, the problem corrected, the instrument recalibrated,
and che calibration reverified.
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If the Initial Calibration Verification Solution(s) are not
available froa E?A, or where a certified solution of an analyte is
not available froa any icurce, analyses shall be conducted or. an
independent standard at a concentration other than that used for
instruaent calibration, but within the calibration range. AT.
independent standard is defined as a standard composed of the
analytes froo a different source than those used in the standards
for the instrunent calibration.

For ICP, the Initial Calibration Verification Solution(s) mist be
run at each wavelength used for analysis. For CN, the initial
calibration verification standard must be distilled. The Initial
Calibration Verification for CN serves as a Laboratory Control
Sample; thus it oust be distilled with the batch of sairples
analyzed In association with that ICV. This Beans that an ICV
mist be distilled with each batch of saaples analyzed and that the
saaples distilled with an ICV oust be analyzed with that
particular ICV. The values for the initial and subsequent
continuing calibration verifications shall be recorded on FORM II-
IN for ICP, AA, and cyanide analyses, as indicated.

b. Continuing Calibration Verification (CCV)

To ensure calibration accuracy during each analysis run, one of
the following standards is to be used for continuing calibration
verification and must be be analyzed and reported for every
wavelength used for the analysis of each analyte, at a frequency
of 10% or every 2 hours during an analysis run, whichever is more
frequent. The standard must also be analyzed and reported for
•very wavelength used for analysis at the beginning of the run ar.c
after the last analytical sazple. The analyte concentrations in
the continuing calibration standard must be one of the following
solutions at or near the aid-range levels of the calibration
curve:

1. E?A Solutions
2. N3S SRM 16i3a
3. A Contractor-prepared standard solution

TA3LI 1. INITIAL AND CONTINUING CALIBRATION VERIFICATION
CONTROL LIMITS FOR INORGANIC ANALYSES

Analytical Method

ICP/AA
Cold Vapor AA

Other

Inorganic
Species

Metals
Mercury
Cvar.ide

% of True
Low Liait

90
80

85

Value fE?A Set'i
High M-- "

110
12C

115
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The saae continuing calibration itar.dard aust be used throughout
the analysis runs for a Case of samples received.

of allEach CCV analyzed oust reflect the conditions of analysis
associated analytical saaples (the preceding 10 analytical saaples
or the preceding analytical saaples up to the previous CCV) . The
duration of analysis, rinses and other related operations that may
affect the CCV Measured result may not be applied to the CCV to a
greater extent than the extent applied to the associated
analytical lacples. For instance, the difference in tiae between
a CCV analysis and the blank immediately following it as well as
the difference in tiae between the CCV and the analytical iacrple
immediately preceding it aay not exceed the lowest difference in
tiae between any two consecutive analytical saaples associated
with the CCV.

If the deviation of the continuing calibration verification is
greater than the control liaits specified in Table 1-Initial and
Continuing Calibration Verification Control Liaits for Inorganic
Analyses, the analysis must be stopped, the problea corrected, the
instruaent must be recalibrated, the calibration verified and the
reanalysis of preceding 10 analytical saaples or all analytical
saaples analyzed since the last good calibration verification Bust
be perforaed for the analytes affected. Information regarding the
continuing verification of calibration shall be recorded on FORM
II -IN for 1C?. AA and cyanide as indicated.

3. CRDL Standards for 1C? (CcLI^ and &A

To verify linearity near the CXDL for 1C? analysis, the Contractor mus
analyze an 1C? standard (C3.I) at two tiaes the dDL or two tiaes the
IDL, whichever is greater, at the beginning and end of each sasple
analysis run, or a miniaua of twice per 8 hour working shift, whicheve
is more frequent, but not before Initial Calibration Verification.
This standard must be run by 1C? for every wavelength used for
analysis, excapt those for Al, Ba, Ca, Fe , M.g, Na and K.

To verify linearity near the GIDL for AA analysis, the Contractor must
analyze an AA standard (CSA) at the CLSL or the IDL, whichever is
greater, at the beginning of each saaple analysis run, but not before
the Initial Calibration Verification."

Specific acceptance criteria for the two standards vill be set by E?A
in the future. In the interim, the Contractor oust analyze and report
these Standard* on FORM II (PART 2) -IK.

4. Initial Calibration Blank fIC31 . Cor.tinuir.« Calibration Blank fCC31 .
and Preparation Blank fPB'i Analyses

Initial Calibration Blank (IC3) and Continuing Calibration Blank
(CCB) Analyses

A calibration blank Bust be analyzed at each wavelength used for
analysis immediately after every initial and continuing
calibration verification, at a frequency of 10% or every 2 hours
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during the run, whichever is Bore frequent. The blank wist be
analyzed at the beginning of the run and after the last
analytical sasple. Note: A CCS oust be run after the last CCY
that vaa run after the last analytical sample of the run. The
results for the calibration blanks shall be recorded on FORM III-
IN for 1C?, AA and cyanide analyses, as indicated. If the
magnitude (absolute value) of the calibration blank result exceeds
the IDL, the result must be so reported in ug/L on FORM III -IK,
othervise report as IDL-U. If the absolute value blank result
exceeds the CRDL (Exhibit C) , terminate analysis, correct the
problem, recalibrate, verify the calibration and reanalyze the
preceding 10 analytical sanples or all analytical samples analyzed
since the last good calibration blank.

b. Preparation Blank (?B) Analysis

At least one preparation blank (or reagent blank), consisting of
deionized distilled vater processed through each sample
preparation and analysis procedure (See Exhibit D, Section III),
Bust be prepared and analyzed with every Sample Deliver;/ Group, or
with each batch of samples digested, whichever is more frequent.

The first batch of sanples in an SDG is to be assigned to
preparation blank one, the second batch of samples to preparation
blank tvo , etc. (see FORM III-IN). Each data package must contain
the results of all the preparation blank analyses associated with
the samples in that SDG.

This blank is to be reported for each SDG and used in all analyses
to ascertain whether sanple concentrations reflect contamination
in the following manner:

1) If the absolute value of the concentration of the blank is
less than or equal to the Contract Required Detection Lisit
(Exhibit C) , no correction of sample results is perforaed.

2) If any analyta concentration in the blank is aljove the
the lowest concentration of that analyte in the associated
samples must be lOx the blank concentration. Othervise,- all
samples associated with the blank with the analyte 's
concentration less than lOx the blank concentration and above
the QLDL, must be redigested and reanalyzed for that analyta
(except for an identified aqueous soil field blank) . The
•ample concentration is cot ts be corrected for the blank
value .

3) If the concentration of the blank is below the negative CR3L,
then all saaples reported below lOx CRDL associated with the
blank oust be redigested and reanalyzed.

A group of samples prepared at the same ti=e.
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The values for the preparation blank Bust be recorded ir. ug/1. fcr
aqueous saaples and in mg/Kg for solid saaples on FCH.W. Ill-IN for
1C?, AA, and cyanide analyses.

5. 1C? Interference Cheek Sa=?l» fICS* Analysis

To verify intereleaent and background correction factors, the
Contractor must analyze and report the results for the 1C? Interference
Check Saaples at the beginning and end of aach analysis run or a
•ir.iaua of tvice per 8 hour working shift, vhichever is acre frequent,
but not before Initial Calibration Verification. The 1C? Interference
Check Sacples must b« obtained from E?A (EMSL/LV) if available and
analyzed according to the instructions supplied with the ICS.

The Interference Check Saaples consist of tvo solutions: Solution A ar.d
Solution A3. Solution A consists of the interferents, and Solution A3
consists of the analytes nixed with the interferents. An ICS analysis
consists of analyzing both solutions consecutively (starting with
Solution A) for all wavelengths used for each analyte reported by 1C?.

Results for the 1C? analyses of Solution A3 during the analytical rur.s
must fall within the control liait of ±20% of the true value for the
analytes included in the Interference Check Samples. If not, terminate
the analysis, correct the problea, recalibrate the instrument, and
reanalyze the analytical saaples analyzed since the last good ICS. If
true values for analytes contained in the ICS and analyzed by 1C? are
not supplied with the ICS, the mean must be determined by initially
analyzing the ICS at least five tiaes repetitively for the particular
analytes. This mean determination nust be made during an analytical r-n
where the results for the previously supplied E?A ICS met all contract
specifications. Additionally, the result of this initial mean
determination is to be used as the trie value for the lifetiae of that
solution (i.e., until the solution is exhausted).

If the 1C? Interference Check Sasple is not available froa E?A,
independent 1C? Check Saaples must be prepared with interferent and
analyte concentrations at the levels specified in Table 2-Interferes:
and Analyte Elemental Concentrations Used for 1C? Interference Check
Sample. The mean value and standard deviation must be established by
initially analyzing the Check Saaples at least five tiaes repetitively
for each parameter on FORM IV-IH.' Results must fall within the ccnir:!
liait of ±20% of the established mean value. The mean and standard
deviation must be reported in the raw data. Results from the
Interference Check Saaple analyses au*t be recorded on FCRM IV-IN fcr
all 1C? parameters.
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TABL2 2. AM) ANALYTE ELEMENTAL CONCENTRATIONS USED FOR 1C?
I.NTER7ERZNCE CHECX SAMPLE

Ar-alytes (Bg/L) Interferents •<as/L>

Ag
Ba
Be
Cd
Co
Cr
Cu
Kn
Ni
Pb
V
Zn

1.0
0.5
0.5
1.0
0.5
0.5
0.5
0.5
1.0
1.0
0.5
1.0

Al 500
Ca 500
Fe 200
Kg 500

6. Ssike Sarele Ar.alvsls CSN

The spike aarrple analysis is designed to provide information about the
effect of the sasple matrix on the digestion and neasureoent
methodology. The spike is added before the digestion (i.e., prior to
the addition of other reagents) and prior to any distillation steps
(i.e., CM-). At least one spike saaple analysis oust be perforaed on
each group of sasrples of a siailar matrix type (i.e., vater, coil) and
concentration (i.e., low, mediua) or for each Sasple Delivery Group.^

If the spike analysis is performed on the sane sasple that is chosen
for the duplicate saaple analysis, spike calculations aust be performed
usir.g the results of the sample designated as the "original saaple"
(see section 7, Duplicate Saaple Analysis). The average of the
duplicate results cannot be used for the purpose of determining percer.r
recovery. Saaples identified as field blanks cannot be used for spiked
saaple analysis. E?A may require that a specific saaple be used for
the spike saaple analysis.

The analyte spike oust be added in the ancurit given in Table 3-Spikir.g
Levels for Spike Saaple Analysis, for each eleaent analyzed. If eve
ar.alytic.al methods are used to obtain the reported values for the saae
elenent vithin a Saaple Delivery Croup (i.e. 1C?, G/AA), spike saaples
mist be run bv each aethod used.

2-E?A may require additional spike saaple analysis, upon Project Officer
request, for which the Contractor will be paid.

E-9 7/8S



If the «pike recovery is not at or within the liaits of 75-125%, the
data of all samples received associated vith that spike aample ar.d
determined by the saae analytical method Bust be flagged with the
letter 'N" on FORMs I-IN and V-IN. An exception to this rule is
granted in situations where the »ample concentration exceeds the spike
concentration by a factor of four or acre. In such an event, the data
shall be reported unflagged even if the percent recovery does not meet
the 75-125% recovery criteria.

For flaae AA, 1C?, and CN analyses, when the pre-digestion/pre-
distillation spike recovery falls outside the control liaits and the
•ample result does not exceed 4x the spike added, a post-
digestion/post-distillation spike oust be perforaed for those elenents
that do not aeet the specified criteria (exception: Ag). Spike the
uivspiked aliquot of the sample at 2x the indigenous level or 2x CR2L,
whichever is greater. Results of the post-digestion/post-distillaticr.
•pike must be reported on FORM V(?ART 2)-IN. Note: No post digest
•pike is required for Hg.

In the instance where there is more than one spike sanple per matrix
and concentration per method per SDC, if one spike saaple recovery is
not within contract criteria, flag all the sanples of the same matrix,
level, and method in the SDG. Individual component percent recoveries
(%R) are calculated as follows:

%Recovery - (SSR-SR1 x 100
SA

Vhere, SSR - Spiked Sample Result
SR - Sample Result
SA - Spike Added

When sairple concentration is less than the instrument detection lizi:,
use SR - 0 only for purposes of calculating % Recovery. The spike
sample results, sample results and % Recovery (positive or negative)
Bust be reported on FORM V-IN far 1C?, AA and cyanide analyses, as
indicated.'

The units for reporting spike sample results will be identical to thosa
used for reporting sample results in FORM I-IN (i.e., ug/L fcr acuesus
and ag/Xg dry weight basis fcr solid).
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TABLE 3. SPIKING LEVELS FOR SPIKZ SAMPLE ANALYSIS

Element

Aluminum
Antinony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide

For
(ui

Water

2,000
500

2,000
2,000

50
50
*

200
500
250

1,000
500
*

500

500
*

2,000
50
*

2,000
500
500

ICP/AA For Furnace AA Other^1)
5/L) (us/L) (ue/L.1

Soil^; Water Soil
*

500 100 100
2,000 40 40
2,000

50
50 5 5
*

200
500
250
*

500 20 20
*

500
1

500
*

2,000 10 10
50
*

2,000 50 50
500
500

100

NCTI: Elements without spike levels and not designated with an
asterisk, oust be spiked at appropriate levels.
Spiking level reported is for both vatsr ar.d soil/sediaer.t matrices.
2
The levels shcvr. indicate concentrations in the final digestate of t:
spiked sa=ple (200 sL final volume).
No spike required.
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7. Duplicate Sazrsle Ar.alvsis

One duplicate saaple must be analyzed from each group of sa=t>les of a
sisilar matrix type (i.e., vater, toil) and concentration (i.e.. low,
aedius) or for each Sasple Delivery Group. Duplicates cannot be
averaged for'reporting on FCRM I-IN.

Duplicate saaple analyses are required for percent solids. Saaples
identified as field blanks cannot be used for duplicate saaple
analysis. E?A nay require that a specific saople be used for duplicate
saaple analysis. If cvo analytical methods are used to obtain the
reported values for the saae elenent for a Sample Delivery Croup (i.e.,
1C?, GFAA), duplicate saaples Bust be run by each aethod used.

The relative percent differences (RPD) for each component are
calculated as follows:

RPD - IS - Pi x 100
(S+D)/2

Where, RPD - Relative Percent Difference
S - First Saaple Value (original)
D - Second Saaple Value (duplicate)

The results of the duplicate saaple analyses must be .reported on FCP.M
VI-IN in ug/L for aqueous saaples and mg/Kg dry weight basis for solid
original and duplicate saaples. A control liait of 20% for RPD shall
be used for original and duplicate sample values greater than or equal
to 5x CRDL (Ixhibit C). A control liait of (*) the CRDL Bust be used
for saaple values less than 5x CRDL, and the absolute value of the
control liait (CRDL) oust be entered in the 'Control Liait" coluer. cr.
FORM VI-IN.

If one result is above the 5x CRDL level and the other is below, use
the ± CRDL criteria. If both saaple values are less than the IDL, the
RPD is not calculated on FCRM VI-IN. For solid sanple or duplicate
results < 5x CRDL, enter the absolute value of the CRDL, corrected fsr
saaple weight and percent solids, in the 'Control Liait' coluan.

If the duplicate saaple results are outside the control liaits, flag
all the data for samples received associated with that duplicate saccle
with an •*• on PORHs I-IN and VI-IN. In the instance where there is'
acre than one duplicate sasple per SDC, if one duplicate result is not
vithin contract criteria, flag all samples of the saae matrix,
concentration, and aethod in the SDG. The percent difference data will
be used by EPA to evaluate the long-tera precision of the aethods for
•ach paraaeter. Specific control liaits for each eleaent will be added
to FORM VI-IN at a later date based on these precision results.

ZPA aay require additional duplicate sasple analyses, upon Project Officer
request, for which the Contractor will be paid.
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Control Sai

Aqueous and solid Laboratory Control Samples (LCS) Bust be analyzed for
•ach analyte vicing the same sample preparations, analytical methods and
QA/QC procedures eaployed for the E?A samples received. The aqueous
LCS solution Bust be obtained froo EPA (if unavailable, the Initial
Calibration Verification Solutions aay be used). One aqueous LCS must
be prepared and analysed for every group of aqueous samples in a Sample
Delivery Group, or for «ach batch of aqueous samples digested,
vhichever i* acre frequent. An aqueous LCS is not required for aercury
and cyanide analysis.

The E?A-provided solid LCS oust be prepared and analyzed using each of
the procedures applied to the solid samples received (exception:
percent solids determination not required). If the EPA solid LCS is
unavailable, other EPA Quality Assurance Check sanples or other
certified aaterials aay be used. One solid LCS Bust be prepared and
analysed for every group of solid samples in a Sample Delivery Group,
or for each batch of samples digested, vhichever is more frequent.

All LCS results and percent recovery (%R) will be reported or. FORM VII-
IN. If the percent recovery for the aqueous LCS falls outside the
control liaits of 80-120% (exception: Ag and Sb), the analyses must be
terminated, the problem corrected, and the samples associated with that
LCS redigested and reanalyzed.

If the results for the solid LCS fall outside the control liaits
established by EPA, the analyses must be terminated, the problem
corrected, and the samples associated with that LCS redigested and
reanalyzed.

1C? Serial Dilution Aralvsis CL">

Prior to reporting concentration data for the analyte elements, the
Contractor must analyze and report the results of the 1C? Serial
Dilution Analysis. The 1C? Serial Dilution Analysis must be performed
on a sample from each group of sanples of a similar matrix type (i.e.,
water, soil) and concentration (i.e., low, medium) or for each Sarpla
Delivery Group, whichever is more frequent. Samples • identified as
field blanks cannot be used for Serial Dilution Analysis.

If the analyta concentration is sufficiently high (minimally a factor
of 50 above the instrumental detection limit in the original sample) ,
the serial dilution (a five fold dilution) aust then agree within 10%
of the original deteraination after correction for dilution. If the
dilution analysis for one or more analytes is not at or within 10%, a
chemical or physical interference effect aust be suspected, and the
data for all affected analytes in the samples received associated with
that serial dilution Bust be flagged with an "E" on FORM IX-IU and FCR*
I-IS.
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The percent differences for each component are calculated as follows:

H - SI% Difference - ' ———— - x 100

vhere, I - Initial Sample Result
S - Serial Dilution Result (Instrument Reading x 5)

In the instance where there is acre than one serial dilution per SDC,
if one serial dilution result is not within contract criteria, flag all
the samples of the saae matrix and concentration in the Sample Delivery
Croup. Serial dilution results and "I" flags Bust be reported on FOR.".
IX-IN.

10 . Jr.strjaer.t Detection Limit fI3L^ Determination

Before any field samples are analyzed under this contract, the
Instruaent detection limits (in ug/L) must be determined for each
instruaent used, within 30 days of the start of contract analyses and
at least quarterly (every 3 calendar months), and oust meet the levels
specified in Exhibit C.

The Instrument Detection Limits (in ug/L) shall be determined by
multiplying by 3, the average of the standard deviations obtained on
three none onse cut ive days fron the analysis of a standard solution
(each analyte in reagent water) at a concentration 3x-5x the Instrumen
manufacturer 's suggested IDL, with seven consecutive measurements per
day. Each measurement oust be perforaed as though it vere a separate
analytical sample (i.e., each measurement must be followed by a rinse
and/or any other procedure normally performed betveen the analysis of
separate samples). IDL's must be determined and reported for each
wavelength used in the analysis of the samples.

The quarterly determined IDL for an instrument must always be used as
the IDL for that instrument during that quarter. If the instrument is
adjusted in anyway that may affect the IDL, the IDL for that Instrument
must be redetermined and the results submitted for use as the
established IDL for that instrument for the remainder of the quarter.

IDLs must be reported for each instrument used on FORM X-IN submitted
with each data package. If multiple AA instruments are used for the
analysis of an element within a Sample Delivery Croup, the highest in
for the AAs oust be used for reporting concentration values for that
Sample Delivery Group. The saae reporting procedure oust be used
foraultiple IC?s.

E-14 7/83



JL7CXIC ABSORPTION ANALYSIS 8CS2X2

PREPARE AND ANALYZE
SXMPLE AND ONZ SPIXE

(2 X CRDL)
(Double Injections Required)

ANALYSES WITHIN
CALIBRATION RANGE

YES

RECOVERY cr SPIXE
LESS THAN 40%

NC

SAMPLE A2SCR3ANCE
LESS THAN 50% OF
SPIKE A3SORSANCE

SPIKE RECOVERY
LESS THAN 82% CR
GREATER THAN 115%

NC
DILUTE SAMP

AND SPIKE

If rES, Repeat Cr.ly ONCS

I* Sti* e. J i i
FLAG DATA

WITH AN "E"

NO
REPCRT RZSVLTS
DOWN TO ITL

SPIXE RECOVERY
LESS THAN 85% OR
GREATER THAN 115%

YES
REPORT RESULTS

I FLAG WITH A "W

NC C/JANTITATE FROM
CALIBRATION CUR'.

AND REPORT DOWN

CUANTITATE BY MSA WITH 3
SPI3CS AT 50, 100 fi 150%

OF SAMPLE ABSOR3ANCE
(Only Single In jec t ions Required)

CORRELATION COEFFICIENT
LESS THAN 0 .995

I* YES, Rec-eat. Only ONCE

NC

If Still YES
FLA3 DATA

X*w » •• • «
— » .. A

FLAG DATA WITH "S"



11. frp.gereleaer.t Corrections far 1C?

B«fore any field sasples are analyzed ur.der this contract, the 1C?
intereleaent correction factors must be determined prior to the itart
of contract analyses and at least annually thereafter. Correction
factors for spectral interference due to Al, Ca, Fe, and Mg Bust be
determined for all 1C? instruments at all wavelengths uaed for each
analyte reported by 1C?. Correction factors for spectral interference
due to analyzes other than Al, Ca, Fe, and Mg Bust be reported if they
were applied.

If the instrument vas adjusted in anyway that may affect the 1C?
intereleaent correction factors, the factors Bust be redeterained and
the results submitted for use. Results froa interelement correction
factors determination must be reported on FORM XI(PART 1)-IN and FORM
XI(PART 2)-IN for all 1C? paraaeters.

12. Linear Rar.̂ e Ar.alvsls fTJLO

For all 1C? analyses, a linear range verification check standard oust
be analyzed and reported quarterly (every 3 calendar months) for each
eleaent on FORM XII-IN. The standard must be analyzed during a routine
analytical run performed under this contract. The analytically
deterained concentration of this standard Bust be within ± 5% of the
tru« value. This concentration is the upper limit of the 1C? linear
range beyond which results cannot be reported under this contract
without dilution of the analytical sample.

13. Furnace Atonic Absorption fAA) PC Analyses

Because of the nature of the Furnace AA technique, the special
procedures summarized, in Figure 1-Furnace AA Analysis Scheme ('MSA
Tree") will be required for quantitation. (These procedures do not
replace those in Exhibit D of this SCV, but supplement the guidance
provided therein.)

a. All furnace analyses must fall within the calibration range. In
addition, all analyses, except during full aethods of Standard
Addition (MSA), will require duplicate injections. The absorbance
and concentration of «ach injection must be reported in the raw
data as veil as the average absorbance and concentration values.
Average concentration values are used for reporting purposes. A
maxiaua of 10 full sample analyses to a maximum 20 injections may
be performed between each consecutive calibration verifications
and blanks. The raw data package must contain absorbance and
concentration values for both injections, the average value and
the relative standard deviation "(RSD) or coefficient of variation
(CV) . For concentrations greater than CRDL, the duplicate
injection readings must agree within 20% RSD or CV, or the
analytical sample must be rerun once (i.e., two additional burns).
If the readings «re still out, flag the value reported on FORM I-
IN with «n "M". The "M" flag is required for the analytical spike
AS veil as the saaple. If the analytical spike for a sample
requires an "M" flag, the flag must be reported on FORM I- IN for
that cample.
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b. All furnace analyses for each analytical sample, including those
requiring an "M" flag, will require at least an analytical spike
to determine if the M£A will be required for quantitation. The
analytical spike will be required to be at a concentration (in
the sasple) 2x CRDL. This requireaent for an analytical spike
will include the LCS and the preparation blank. (The LCS aust be
quantitated froa the calibration curve and corrective action, if
needed, taken accordingly. M£A is not to be performed on the LCS
or preparation blank, regardless of spike recovery results.) If
the preparation blank analytical spike recovery is out of control
(85-115%), the spiking solution must be verified by respiking ar.d
rerunning the preparation blank once. If the preparation blank
analytical spike recovery is still out of control, correct the
problem and reanalyze all analytical samples associated with that
blank. An analytical spike is not required on the pre-digestior.
spike cample.

The analytical spike of a sample must be run immediately after
that sasple. The percent recovery (%R) of the spike, calculated
by the same formula as Spike Sample Analyses (see itea 6, this
section) , will then determine how the sample will be quar.titated,
as follows:

1) If the spike recovery is less than 40%, the sample must be
diluted and rerun with another spike. Dilute the sample by a
factor of 5 to 10 and rerun. This step must only be
perforaed once. If after the dilution the spike recovery is
still <40%, report data and flag with an •£" to-indicate
interference problems.

2) If the spike recovery is greater than or equal to 40% and the
sample absorbance is less than 50% of the 'spike , report
the sample results to the IDL. If the spike recovery is less
than 85% or greater thar. 115%, flag the result with a " V .

3) If the sasple absorbance is greater than or equal to 50% of
the spiks and the spike recovery is at or betvesr. 85% and
115%, the sample must be quar.titated directly froa the
calibration curve ar.d reported down to the IDL.

4) If the sample absorbance is greater than or equal to 50% of
the spike and the spike recovery is less than 85% or greater
than 115%, the sample must be quantitated by JiSA.

Analytical Spikes are post-digestion spikes to be prepared prior to
Analysis by adding a known quantity of the analyte to «n aliquot of the
digest's* sample. The unspiked sample aliquot must be compensated for any
voluae change in the spike samples by addition of deionized vater to the
ucspiked sample aliquot. The voluae of the spiking solution added oust
cot exceed 10% of the analytical sample volume; this requireaent also
applies to MSA spikes.

Spike* i* defined as [abscrbance of spike sample] minus [absorbance of
the sample].

E-17 7/8S



c. The following procedures vill be incorporated into MSA ar-alyses.

1) Data fron MSA calculations must be within the linear range as
determined by the calibration curve generated at the
beginning of the analytical ran.

2) The sample and three spikes Bust be analyzed consecutively
for MSA quantitation (the "initial" spike run data is
specifically excluded fron use in the MSA quantitation).
Only single injections are required for MSA quantitation.

Each full MSA counts as tvo analytical samples towards
determining 10% QC frequency (i.e., five full MSAs can be
performed between calibration verifications).

3) For analytical runs containing only MSAs, single injections
can be used for QC samples during that run. For instruments
that operate in an MSA node only, MSA can be used to
determine QC samples during that run.

4) Spikes oust be prepared such that:
a) Spike 1 is approximately 50% of the sample absorbance.
b) Spike 2 is approximately 100% of the sample absorbance.

c) Spike 3 is approximately 150% of the sample absorbance.

5) The data for each MSA analysis oust be clearly identified in
the raw data documentation (using added concentration as the
x-variable and absorbance as the y-variable) along with the
slope, x-intercept, y-intercept and correlation coefficient
(r) for the least squares fit of the data. The results must
be reported on FORM VIII-IN. Reported values obtained by MSA
must be flagged on the data sheet (FORM I-IN) with the letter
"S" if the correlation coefficient is greater than or equal
to 0.995.

6) If the correlation coefficient (r) for a particular analysis
is less than 0.995, the MSA analysis Bust be repeated once.
If the correlation coefficient is still less than 0.995,
report the results on FORM I-IN from the run with the best
•r' and flag th« rasult with a •+• on FORM VIII-IN and FORM
I-IN.
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APPENDIX B-10

LOW LEVEL METALS BY AA (ENSECO)



STANDARD
OPERATING
PROCEDURE

Subject or Title: Page _ 1_ of 24

CLP ATOMIC ABSORPTION

SOP No. :
LM-RMA-2033

Revision No. :
1.0

Effective Date:
August 1, 1989

Supersedes: Original

1 Scope and Application

1.1 These methods are applicable for the determination of Arsenic,
Lead, Selenium, Thallium, Cadmium, and Antimony.

1.2 Detection Limits

1.2.1 Contract Required Detection Limits (CRDL)

1.2.1.1 Arsenic, Thallium, Antimony (SAS) : 10 ug/L.

1.2.1.2 Selenium, Lead: 5 ug/L

1.2.1.3 Cadmium (SAS): 0.5 ug/L

1.2.2 Instrument Detection Limits (IDL)

1.2.2.1 Detection Limits are calculated quarterly
according to SOW 787 protocol, see appendix.

1.2.2.2 Arsenic, Selenium, Thallium, Lead, and Antimony
IDL range: 1-3 ug/L.

1.2.2.3 Cadmium IDL range: 0.1 - 0.3 ug/L

Prepared by:
Scott Hoatson

Date:
August 1, 1989

Management Approval: Date:

QA Officer Approval: Date:

/w^_
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CLP ATOMIC ABSORPTION

SOP No.: Revision No.: Effective Date:
LM-RMA-2033 1.0 August 1, 1989

1.3 The methods are suited for the determination of trace
concentrations of the elements listed in water and soil samples.

1.4 The range of the analysis is from 0 - 100 ug/L of analyte in
solution.

1.5 The approximate analytical time of one sample with proper QC is 6 -
8 min.

2. Summary of Method

2.1 Known aliquots of sample are injected into an electrothermally
heated graphite furnace. The furnace is programmed to drive off
solvents and interferents by stepping through a series of drying
and charring stages. The analyte is then atomized by a rapid
increase in the temperature of the furnace. The atoms produced by
this atomization absorb atomic emission from a source lamp. The
absorbance is compared to that of a standard of known
concentration. An elemental concentration is then calculated by
the instrument and displayed on a digital readout.

3. Comments

3.1 Interferences

3.1.1 Chemical and physical interferences are prevalent when
analyzing samples using these methods. Care must be taken
to minimize interferences by adhering precisely to the
protocols outlined in the appendix.

3.1.2 Matrix modifier is added to the samples prior to the
determination of the analytes. The modifier prevents
premature loss of the analytes as volatile salts and/or
helps prevent signal suppression during atomization due to
formation of high temperature stable complexes.

3.1.3 Background interferences must be compensated for by the use
of either deuterium or Zeeman background correction.

3.2 Helpful Hints

3.2.1 Use the correct digest for aliquoting, it is marked
HGA/HN03.
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LM-RMA-2033 1.0 August 1, 1989

3.2.2 The dilution factor for soil digests is 200X unless
otherwise noted on the prep sheet.

3.2.3 Be sure to read the prep sheet for SPECIAL INSTRUCTIONS.

3.2.4 Use UNLV made standards for ICV's and LCS's.

3.2.5 Show absorbances or concentrations for THREE calibration
standards.

3.2.6 Analyze a calibration standard and calibration blank every
twenty sample injections.

3.2.7 Use duplicate injections and set the instrument to print
the average and coefficient of variation (CV). The CV must
be less than or equal to 20% or the sample less than the
CRDL.

3.2.8 There is an analytical spike concentrate already prepared.
Spike 100 ul of this solution into 10 ml of sample.

3.2.9 If the analytical spike recovery is less than 40%, dilute
the sample lOx, one time, and respike the sample.

3.2.10 Analytical spike concentrations are two times the CRDL.

3.2.11 Matrix spike concentrations are as follows: As 40 ppb, Se
10 ppb, Tl 50 ppb, Pb 20 ppb.

3.2.12 When correcting a mistake, draw one line through the
mistake, make correct entry, and initial the correction.

3.2.13 All reruns must be explained on bench sheet.

4. Safety Issues

4.1 Many of the metals determined by the methods are extremely toxic
and/or carcinogenic. Care should be exercised when preparing
standards from concentrated stock solutions. Wear gloves, safety
glasses, and a lab coat.

4.2 All of the samples may contain unknown contaminants at unknown
levels other than the analytes being tested for. Appropriate care
should be taken when handling them.
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4.3 Emission from hollow cathode (HCL) and electrodeless discharge
(EDL) lamps is often intense and emitted at wavelengths that are
hazardous to vision. AVOID LOOKING DIRECTLY AT THE LAMPS WHEN IN
USE.

4.4 Zeeman background correction uses an extremely strong magnetic
field for its operation. This magnetic field is HARMFUL TO
PACEMAKER WEARERS.

\

5. Apparatus

5.1 Perkin Elmer model 2380 atomic absorption spectrophotometer
equipped with a HGA 400 graphite furnace, an AS 40 autosampler, and
Deuterium background correction.

5.2 Perkin Elmer model 5000 atomic absorption spectrophotometer
equipped with a HGA 500 graphite furnace, an AS 40 autosampler, and
Zeeman background correction.

5.3 Perkin Elmer model 5100 atomic absorption spectrophotometer
equipped with a HGA 600 graphite furnace, an AS 60 autosampler, and
Zeeman background correction. The 5100 is interfaced with an Epson
Equity III+ computer with a mouse pointer.

5.4 Eppendorf 10 - 100 ul and 100 - 1000 ul adjustable pipettors.

5.5 Oxford 1 - 5 ml and 5 - 10 ml adjustable pipettors

6. Reagents, Standards and Supplies

6.1 Nitric Acid, Baker Instra-Analyzed or equivalent.

6.2 Deionized Water

6.3 Nickel powder, 99.99%, Spex Industries Inc. or equivalent.

6.4 EPA HGA Analytical Spike solution prepared by RMAL QA/QC Standards
Prep Department.

6.5 EPA HGA Calibration Standard stock solution prepared by RMAL QA/QC
Standards Prep Department.

6.6 EPA CCV stock solution prepared by RMAL QA/QC Standards Prep
Department.
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6.7 ICV solution concentrates supplied by EPA UNLV.

6.8 2% Nickel Nitrate solution, prepared by dissolving 20 g of Nickel
powder in approximately 250 ml of 20% Nitric Acid (use extreme
caution and only add a small amount of nickel at a time until it is
all dissolved). Filter solution and bring final volume up to 1
liter.

6.9 Five dram snap cap vials.

6.10 Two ml auto analyzer sample cups.

6.11 Disposable .45 urn syringe filters and syringes. Gelman or
equivalent.

7. Procedure

7.1 Aliquotitig

7.1.1 Obtain the RMA numbers of the next case to be aliquoted
from the board in the lab supervisor's office.

7.1.2 Go to the file cabinets and pull the Graphite Furnace
worksheets and the Prep sheet from the appropriate file
folder. Photocopy all of the sheets and replace the
original Prep sheet back in the file folder.

7.1.3 The sample digests are located on shelves A-0 through E-5
between the AA and ICP areas. Remove the digests from the
shelves and place them in order along the top of a bench.
Place two 5 dram vials in front of each digest bottle.

*

7.1.4 Label each vial with the correct RMA project number, and
sample number. Follow the sample number with an "A" to
denote the analytical spike. Place the correct dilution
factor on the vials if the sample is diluted beyond the
prep dilution.

7.1.5 Using a calibrated lOOul pipettor, add lOOul of 2% nickel
nitrate solution to each of the vials. Add lOOul of
analytical spike concentrate to each of the vials marked
with an "A". With a 10ml pipettor add 10ml of sample to
each vial. Cap vial and shake. If there is low sample
volume, reduce the volume aliquoted and spiked, while
maintaining the same ratios.
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7.1.6 Replace the sample digests to the same shelf they were
removed from. Place the aliquots into a box, label box
with RMA project number, and place box on rolling aluminum
shelves.

7.1.7 Place the worksheets along with the copy of the Prep sheet
in the accordion file folder. Label the slot in the
accordion folder with the RMA project number and place an
"A" on the assignment board in lab supervisor's office

7.2 Instrument Set Up (General)

7.2.1 Turn on power and utilities.

7.2.2 Put lamp into instrument.

7.2.3 Light lamp in AA ONLY mode.

7.2.4 Set correct wavelength for analyte.

7.2.5 Optimize instrument energy after a 5-10 minute warm-up time

7.2.6 Check to see that lamp energy can be turned up past
autogain energy. It is recommended that the lamp energy
exceed EE.

7.2.6.1 If minimum energy cannot be achieved then
reoptimize instrument and try again.

7.2.6.2 If minimum energy still cannot be achieved then
the lamp is probably faulty and needs to be
replaced at this point.

7.2.7 Check baseline by setting time to 1 sec. and setting the
instrument mode to CONTINUOUS. Please note that the
instrument is still set at AA ONLY.

7.2.7.1 If baseline is unstable, reoptimize the AA and
check the baseline again.

7.2.7.2 If baseline is still unstable, there may be a
problem with the lamp and the lamp should be
replaced at this point.
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7.2.8 Switch background correction to AA-BKGRND. If the lamp is
an EDL then set the lamp wattage to 80% of the recommended
wattage.

7.2.9 After approximately 10 minutes check the baseline again.
Follow step 7 except keep instrument setting at AA-BKGRND.

7.2.9.1 If baseline is unstable, reoptimize the AA and
check the baseline again.

7.2.9.2 If baseline is still unstable, visually inspect
the furnace to verify alignment (2380 only). If
alignment is out, realign furnace (see 7.5)

7.2.9.3 If the problem persists then the D2 lamp may be
the problem. The power on the EDL power supply
may be turned up 1-2 watts or the D2 lamp may
need to be replaced at this point. Consult with
your supervisor on this matter if not sure which
way to go.

7.2.10 Program the autosampler, furnace, and AA in accordance with
standard methods (see attachment)

7.2.11 Analyze blanks until baseline is stable before attempting
standardization.

7.3 Calibration

7.3.1 Prepare calibration standards (As, Se, Tl, Pb) daily by
diluting the EPA Calibration stock solution as follows:

7.3.1.1 Blank - add 100 ul of 2% nickel solution to 10 ml
of 1% HN03 in a 5 dram vial.

7.3.1.2 10 ppb - add 10 ul of stock and 100 ul of 2%
nickel solution to 10 ml of 1% HN03 in a 5 dram
vial.

7.3.1.3 50 ppb - add 50 ul of stock and 100 ul of 2%
nickel solution to 10 ml of 1% HN03 in a 5 dram
vial.
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7.3.1.4 100 ppb - add 100 ul of stock and 100 ul of 2%
nickel solution to 10 ml of 1% HN03 in a 5 dram
vial.

7.3.1.5 For Cadmium, make up standards at 0.5, 2.0, and
10 ppb levels. Do not use 2% nickel solution.

7.3.1.6 For Antimony, make up standards at the same
levels as As, Se, Tl, and Pb. Use the 2% nickel
solution.

7.3.2 Pour the calibration standards into 2 ml auto sampler
vials. Place the vials on the tray in this order:

7.3.2.1 Blank in position marked AZ

•7.3.2.2 10 (0.5 for Cd) ppb in position marked SI

7.3.2.3 50 (2.0 for Cd) ppb in position marked S2

7.3.2.4 100 (10.0 for Cd) ppb in position marked S3

7.3.3 Set the AA to average two injections of each sample and
report the coefficient of variation (RSD).

7.3.4 Place the samples to be run in the sample tray in the order
listed on the Graphite Furnace worksheet.

7.3.5 Start the analysis by pressing the start/stop key on the
front of the AS-40 controller panel (2380, 5000). For 5100
use see below.

7.3.6 The AA will automatically calculate the calibration curve.
The calibration is verified according to the quality
assurance requirements of SOW 787 (see Attachment).

7.3.7 To shut down the instrument, reverse the process outlined
in section 7.2.
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7.4 Calibration and Analysis - 5100 PC Operation

7.4.1 Turn on the power to:

7.4.1.1 The 5100 component

7.4.1.2 The Zeeman magnet component

7.4.1.3 The HGA 600

7.4.1.4 The computer, monitor, and printer

7.4.2 The first screen menu will be the DESKTOP menu. Using the
"mouse", set the arrow pointer to 5100_PC.EXEC and "click"
twice.

7.4.3 -The next menu will be the BENCHTOP menu. Using the mouse,
move the arrow pointer to the desired element and "click"
twice.

7.4.4 The next screen inquires which programs to be run. Using
the mouse move the arrow pointer to ELEMENTS and "click"
once.

7.4.5 Select the elements that you want to run by moving the
arrow pointer to the desired element and "click" twice.
The computer will call up all of the necessary information
stored for that element (note: Each element has its own
lamp position on the lamp turret. The computer will
automatically turn the turret to that position. When this
is complete the EDL lamp can now be lit.).

7.4.6 To align lamps move the arrow pointer to the top of the
screen to the word WINDOWS, a list of windows will drop
down. Move the arrow pointer to ALIGN LAMPS and "click"
once. Adjust the lamp alignment to give the maximum
energy. If the energy goes offscale then press F2 on the
keyboard to reset the autogain (or move the arrow to the
box marked AGC/AIC and "click" once).
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7.4.7 The figures in the appendix refer to a typical set-up of
the ELEMENT PARAMETERS file found under WINDOWS. The only
changes normally made are found in figure 2. Line 4 refers
to the final concentration units: set to ug/1 for waters
and mg/L for soils. Line 5 refers to the number of
replicates or "burns". The most common change would be
from 2 replicates to 1 replicate for MSA analyses. Note
that the volume for the standards in figure 5 must match
the sample volume in figure 4.

7.4.8 The sample names are entered next. Call up WINDOWS again
and "click" once on ID/WEIGHT PARAMETER. A blank file will
appear. A file exists which has the first 5 control
samples and the position numbers 1-35 already entered.
This file is named INITSTD.A60. Call up this file by
either typing in the name or moving the arrow pointer as
•before. Figure 7 illustrates how the top portion should
look(the top portion being the portion in brackets). Do Not
change this, the final concentration will not be reported
correctly. The dilution factor (prep or analytical) should
be entered in the DILUTION column with each sample
individually.

7.4.9 To start an analysis run, call up AS-60 CONTROL window
(figure 8). This window should already be on the screen
(The screen holds up to 5 windows. Any window on the screen
may be called up touching a part of the window with the
arrow pointer and "clicking" once.).

Figure 8 shows the AS-60 control window. Note that the
information in section 1 is called up automatically. DO
NOT enter anything on the line labeled DATA FILE as of yet.
Enter the name of your ID/WEIGHT file where shown. Enter
the locations of the samples to run on the next line.
Using the mouse, turn the PRINTER on (leave the SAVE DATA
box off). Section 3 controls the autosampler. RUN ALL
will cause the instrument to standardize and analyze the
samples entered in section 2. RUN SAMPLES will cause the
instrument to only analyze the samples entered in section 2
without standardizing.
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7.4.10 The HGA methods are the similar to the other instruments
with the following exceptions.

7.4.10.1 Instrument Model Z5100

7.4.10.2 Background Correction - Zeeman

7.4.10.3 Integration - Peak Height with 37 pt. peak
smoothing. (Arsenic-Peak Area)

7.4.10.4 HGA model 600

7.4.10.5 Graphite tube - pyro/platform

The furnace programs for the different elements
are shown in figures 9-13.

7.5 Furnace Alignment (2380)

7.5.1 Insert and light a Copper HCL (a good EDL lamp may be used
instead) lamp according to PE recommendations.

7.5.2 Set wavelength to 324.7 nm.

7.5.3 Peak in lamp energy.

7.5.4 Set SIGNAL to Absorbance.

7.5.5 Be sure print function is turned of.

7.5.6 Set Mode to Continuous.

7.5.7 Set BACKGROUND CORRECTION to AA-ONLY.

7.5.8 Set integration time to 0.5 seconds.

7.5.9 Remove Quartz windows from furnace.

7.5.10 Swing entire furnace out of the light path. Be sure water
lines in back are also out of the way.
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7.5.11 Autozero the instrument.

7.5.12 Swing furnace back into position.

7.5.13 If absorbance readings are at or near zero (+-.003), stop,
the furnace is aligned.

7.5.14 If absorbance readings are negative, return to step 10.

7.5.15 If absorbance readings are positive, continue.

7.5.16 Unlock Furnace by moving the locking bar to the left. The
locking bar is not readily visible. It is located directly
in front of the furnace assembly below the heavy electric
cables.

7.5.17 Turn the horizontal and vertical adjustment knobs until
absorbance readings are at or near zero.

7.5.18 Lock the furnace into place by moving the locking bar to
the right.

7.5.19 Replace quartz windows and make entry into instrument log
book.

8. QA/QC Requirements.

8.1 Requirements are stated in Section E of SOW 787 (see Attachment).

8.2 Data must be recorded on bench sheet and readily available for
review.

8.3 Units and sample type must be clearly identified on the bench
sheets.

8.4 Care must be taken not to exceed the working range of the
instrument. Self absorption occurs with any atomic absorption
technique at higher concentrations. The upper limit of
quantification varies by element.
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9. Calculations

9.1 Waters - sample result x dilution factor = final result ug/L

9.2 Soils - sample result x dilution factor / 1000 = final result
mg/Kg.

9.3 Method of Standard Addition HP - 11C Use.

9.3.1 Turn on calculator and clear statistics register. Press
f;clear sum.

9.3.2 Set calculator to 4 decimal places. Press f;fix;4.

9.3.3 Key in data pairs for MSA as follows:

•9.3.3.1 Concentration from instrument; ENTER;

9.3.3.2 Concentration Added; sum +.

9.3.3.3 Enter in all 4 data pairs for MSA in this way.

9.3.4 To determine the correlation coefficient (r); Press
f;y ,r;x?y.

9.3.5 To determine the y-intercept; Press f;L.R.

9.3.6 The slope is determined by following STEP 5 and pressing

9.3.7 The final concentration is determined by following STEP 6
and pressing the DIVIDE key.

10. Reporting

10.1 Reporting requirements are stated in Section E of SOW 787 (see
Attachment) .
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10.2 Significant Figures

10.2.1 Values less than 10-2 significant figures.

10.2.2 Values greater than or equal to ten - 3 significant
figures.

11. Scheduling

11.1 Projects are listed on the scheduling board according to the rules
of the department KANBAN (see 13.0).

11.2 The analyst chooses which samples to analyze according to due date
priority and instrument availability.

12. EPA Metals Kanban

12.1 Purpose

This is a system that is intended to improve the flow of work
through the group from log-in to the copy room. Projects should be
completed in a more timely fashion with a reduction of work in
progress at any given time. The estimated process time is
approximately 4 days from start to finish.

12.2 Definitions

12.2.1 A KANBAN will consist of approximately 40 CLP and
Industrial CLP samples. The size of the KANBAN may be
adjusted in the future if it is decided that this is
necessary.

12.2.2 A SAMPLE is a biliable sample according to the weekly
backlog sheet. To be prepped for, and analyzed by, HGA,
CVAA, CN, ICP, and % solids.

12.2.3 ANDON card is a red 3x5 card with a blue 3x5 card clipped
to it. The blue card contains the following information:
the project numbers of the samples in the KANBAN, the
samples matrices, the required parameters, the project due
dates, the numbers of samples in each project, and the
number of samples in the total KANBAN.
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12.3 Process

12.3.1 Samples are logged in and project folders completed.

12.3.2 Completed project folders are placed in the COMPLETED
FOLDER basket for folder review. Any industrial folders
will be given to the appropriate PA by the login technician
and will be placed in the COMPLETED FOLDER basket by the
login technician after review.

12.3.3 Each folder is reviewed for completeness and correctness,
and then it is placed in the project filing cabinet next to
the wet chem lab, and each project is entered in the blue
prep book.

12.3.4 A blue KANBAN card is filled out for each KANBAN. The
•projects are assigned to a KANBAN on basis of due date
using the backlog to determine the order.

12.3.5 The completed blue KANBAN cards are then placed in the
"KANBAN In Waiting" clip on the side of the project folder
filing cabinet.

12.3.6 The data review analyst will place the folders for a KANBAN
completed by operations along with its blue card in the top
basket of a two tiered basket located on top of the project
folder filing cabinet. The buffer KANBAN in data review can
then also be reviewed and placed in the lower of the two
tiered baskets. No further KANBANS of data can be reviewed
until report writing "pulls" the first of these completely
reviewed KANBANS.

12.3.7 The flow of a KANBAN through prep, analysis, review, and
report writing is determined by a "pull" system initiated
by report writing. When report writing has completed
writing and reviewing its previous KANBAN, their supervisor
will come back and pull the first KANBAN from the completed
basket. If report writing does not already have a buffer
KANBAN, the report writing supervisor can take the buffer
KANBAN with them also.
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12.3.8 The data review analyst can then pull a KANBAN of data from
the "KANBAN #1" basket in the metals analyst supervisor's
office.

12.3.9 The analysts then move any data that is in the "KANBAN #2"
basket into the "KANBAN il" basket.

12.3.10 The analysts also then pull the next KANBAN from prep by
moving the top blue KANBAN card from the "KANBAN in
Waiting" clip to the "KANBAN to be prepped"clip.

12.3.11 When the data review analyst pulls a KANBAN of data from
the metals analysts, the metals lab is ready for a buffer
KANBAN:

12.3.11.1 A metals analyst will get the ready buffer KANBAN
from the prep lab.

12.3.11.2 The analyst will remove the blue card from the
ANDON card and tape this card to the tracking
board next to the project numbers it applies to.

12.3.12 The metals analysis can be started on the buffer KANBAN
when all the analyses are completed or in progress for the
projects in the "KANBAN #1" basket.

12.3.13 When the prep lab task group determines that they have
completed all the necessary parameters for their previous
KANBAN including ICP and furnace preps, Hg preps and
analysis, CN- repreps, etc., the prep supervisor wil l take
the blue card from the "KANBAN to be prepped" clip and
attach it to the red ANDON card. The cards will be placed
in the appropriate window with the blue card facing the
prep lab to signal that a KANBAN is in progress.

12.3.14 Sample preparation puts the HGA and ICP completed preps fcr
the KANBAN on the counter by the door in the soils prep
lab. When the task group has determined that they have
completed all parameters for that KANBAN, they w^'ll turn
the ANDON card around so the RED side faces into the soils
lab. This indicates that no more preps are to be started.
The BLUE side is therefore facing the metals lab and
indicates to the analysts that another KANBAN is ready fcr
analysis.
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12.4 Important Principles

12.4.1 No more than 2 KANBANS of work are allowed at any station
(not including RUSH or REWORK). This will facilitate a
smoother flow of work throughout the system and insure that
no group starts "pushing" work through.

12.4.2 The KANBANS include metals or metals + CN projects only.

12.4.3 Quick turnaround projects are NOT included in the KANBAN. A
quick turnaround is a turnaround of 1 week or less.

12.4.4 The KANBAN projects MUST be started at each step as soon as
possible. They will take priority over other projects
unless the other projects are coming against holding times
or due dates.

12.4.5 Repreps and rework on a KANBAN must have top priority. They
must be scheduled before any other preps or analyses. The
entire KANBAN will be held up from proceeding to report
writing until this data is turned in and reviewed.

12.5 Documentation Procedures for Repreps and Reanalyses

12.5.1 It is required that a "reprep request form" be filled out
every time a reprep is needed. The reprep request forms
will be put in the appropriate file folders along with the
data.

12.5.2 A prep sheet must be filled out every time repreps are
performed for any parameter. The prepsheet is the sheet
used to document preps for HGA, ICP, Hg, CN, and % solids.

12.5.3 The required procedures for processing reprep documentation
follow:

12.5.3.1 When a Hg reprep is required, the Hg analyst or
the data review chemist will fill out a reprep
request form. A prepsheet needs to be filled out
for the reprep. As with all repreps, make sure
that any dilution factors, reduced volumes, etc.
are correctly noted on the reprep sheet. After
the reanalysis is complete, the data along with
the reprep request sheet and the reprep sheet
need to be turned into the data review chemist.
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12.5.3.2 When a CN reprep is required, the wet chem
supervisor will submit a reprep request form to
the prep lab. The analyst doing the
redistillation needs to fill out the necessary
reprep forms. A reprepsheet needs to be filled
out and put in the file folder. The CN
distillation log that gets turned in to the wet
chem supervisor also has to be filled out. When
the distillation is complete, place the
distillation log along with the attached reprep
request form in the "CN prep sheet folder" in the
hanging file outside of the wet chem supervisor's
office.

12.5.3.3 When HGA and/or ICP repreps are required, a
reprep request form will be turned into the prep
lab. When the repreps are completed, a reprep
sheet needs to be filled out. This form along
with its attached reprep request form need to be
put in the box along with the samples and brought
to the metals lab. When the analyst has finished
the reprep analysis, they will place the data
along with the reprep sheet and the reprep
request form in the appropriate data basket in
the metals supervisor's office.

12.5.4 The data review chemist will be filling out a "reanalysis
request form" when she finds data problems as a result of
review. The analyst who completes the reanalyses w i l l turn
the data in to the appropriate data basket with the
reanalysis request form attached to it.
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SOW 787 SECTION E - QA/QC
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SECTION ii
SPECUIC QA/QC FXOCZDtRZS

The quality assurance/quality eancrol (QA/QC) procedures defined
herein Bust be used by the Concraccar when performing che methods specified
La, Exhibit D. When addicional QA/QC procedures are specified in che
methods is Exhibit D, che Concraccor must also foLlov these proc*dur»s.
HOTS: The co»t of'perf oradng all QVQC procedures specified in chis
Statement of Work is included in che prie* of performing the bid lot,
escape for duplicaca, spike, and laboracary control saaple analyses, which
shall ba eoasidarad saparac* saaple analyses.

The purposa of *M« docunanc Ls to pro*rida a uaifota sac of
procaduras for cha analysis of iaorgani'e eonscicua&cs of sasplas,
documencacion of machodi asd chair parforaanct, and verification- of the '
saspla daca ganaracad. ' Tha projran vill also assist laboratory personnel
in recalling «w* dafendinj Chair actions ondar cross examination if
required co presanc court casciaony in enforeemanc case litigation.

Tha primary funecion of the QA/QC program Ls cha definition of
procedures for the evaluation and docuaencacion of sampling and analytical
methodologies and cha reduction and reporting of daca. Tha objective is to
provide a uniform basis fox sample collection and hsnril ing, instrument and
methods maintenance, perior-i«nee evaluacion. and analytical daca gathering
and reporting. f̂ ?̂ »"tfa ic is impossible co address all analycical
sicuacions in one docuaenc, the approach taken here is co define ainiaua
requireaencs for *11 major reaps relevant co any inorganic analysis. In
many instances where mechod<logies are available, specific quality control
procedures are incorporated into the method documentation (Exhibit D).
Ideally, samples involved in enforcement actions are analyzed only after
cha methods have met the *•*•*****• performance and docuaencacion requirements
described in gfr<« document.

The Contractor is required co participate in the Laboratory Audit ar.c
Intertaaparison Study Program ran by E?A EiSL-Las Vegas. The Contractor
can expect co analyze two saaples per calendar quarter during the contract
period.

The Contractor ausc perfora and report to SMO and EHSL/L7 as
specified in Exhibit £ quarterly verification of instruaenc detection
liaits (I3L) by the aechod specified is Exhibit E, by type and model f=r
each inscruaenc wed on this contract. All the IDLs must aeec the QLSLs
specified in Exhibit C. For 1C? methods, the Contractor must also report.
as specified in "jchibit S, linearity range verification, all interelener.t
correction factors, wavelengths used, and integration tiaes.

?or QA/QC v'ocecures, cvo different types of saaples are specified.
A * sample received' is a field sample or ?£ sample, each of which has ar.
E?A Saaple Number and Ls accompanied by sample Traffic Report
documentation. An *analytical saaple* Ls each 'analysis' performed (i.e.,



Ensecc
, each cuvette, cup. cube or container in acts sanplers). A-"frequency of

10%" means once every 10 analytical samples. NC7I: Calibration blanks and
calibration verification samples are not counted as analytical saaples vcez
determining 10% frequency.

-i If any QC aeastirenent fails to aeet contract criteria, the analytical
measurement may not be repeated prior to r*'*-'-*'.* the appropriate corrective

", action as specified in Exhibit I.
J

This section outlines the m< •*<«"»• QA/QC operations necessary to
satisfy the analytical requirements of the contract. The following QA/QC
operations oust be perfozaed as described in this Exhibit:

1. .Instrument Calibration
2. Initial Calibration Verification (ICV) and Continuing Calibration

Verification (CSV)
3. C2DL Standards for AA (OLA) and 1C? (CZI)
4. Initial Calibration Blank (IC3), Continuing Calibration SI ante

(CCS), and Preparation Blank (?B) Analyses
5. 1C? Interference Check Sample (ICS) Analyses
6. Spike Sasple Analysis (S)
7. Duplicate Saaple Analysis (D)
8. Laboratory Control Sample (LCS) Analysis
9. 1C? Serial Dilution Analysis (L)
10. Instrument Detection Limit (IDL) Determination
11. Interelement Corrections for 1C? (1C?)
12. Linear Range Analysis (ISA)
12. Furnace AA QC Analyses

Guidelines for iascnamcal calibration are given in E?A 600/4.79-020
and/or Exhibit D. Instruments aust be calibrated daily or once every 2i
hours and each time the instrument is set up. The instrument
standardization date end time oust be included, in the raw data.

For atomic absorption systems, calibration standards are prepared by
diluting the stock metal solutions at the time of analysis. Tite and
time of preparation and analysis must be gives in the rav data.

Calibration standards oust be prepared fresh each time an anaj., "is Ls
to be made and discarded after use. Prepare a blank and at leas:, three
calibration standards in graduated amounts in the appropriate range.

r/37
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One atomic absorption calibration standard must b« ac the C2DL excepc
for mercury. The calibration sranriards oust be prepared using the sane
type of acid or combination of acids «•"* ac the same concentration as .
vill result in the samples following sample preparation.

Beginning vith the blank, aspirate or inject the standards and record
the readings. If the AA instrument configuration prevents the required
4-point calibration, calibrate according to instrument manuf acrur er ' s

analyze ^tm remaining required standards
immediately after calibration.. Results for these standards must be
within * 5% of the true value. Eicb standards concentration and the
calculations to shov that the ±5% criterion baa been met, must be give
in the raw data. If the -values do not fall vithin this range,
recalibration is necessary.

The ±5% criteria does not apply to the atomic absorption-calibration
standard at the CZDL (OLA) . Specific acceptance criteria vill be nt
for **V« standard by E?A in the future. In. the interim;- the
Contractor must observe and quantitata this standard at a level above
their stated instrument detection limit during Atomic Absorption (AA)
analysis. The CZDL standard must be reported on FOB£ II (PART 2) -IS.

Calibration standards for AA procedures must be prepared as described
in Exhibit D.

Baseline correction is acceptable as long as it is perforate after
every sample or after the continuing calibration verification check.
For cyanide and mercury, follov the calibration procedures outlined is
Exhibit D. One cyanide calibration standard must be at the G3LDL. For
1C? systems/ calibrate the instrument according to instrument
manuf acrarer ' s recommended procedures. At least two standards must be
used.

2. Ir.itla.1 Calibration Ve?lfiearlor>. fTCTi ar.d Carigir.uin Calibrarior.

a. Initial Calibration Verification (IC7)

tely after each of the 1C?, AA and cyanide systems nave
been calibrated, the accuracy of the initial calibration shall be
verified and documented for every analyte by the analysis of E7A.
Initial Calibration Verification Solution(s) at each vavelength
used for analysis . Then measurements exceed the control limits of
Table 1- Initial and Continuing Calibration ̂ riiication Control
ULaits for Inorganic Analyses, the analysis must be terminated,
the problem corrected, the instrument rec. \ibrated, and the
calibration reverified.

If the Initial Calibration Verification Sô -tion(s) are not
available from E?A, or where a certified solution of an analyte Ls
not available from any source, analyses shall be conducted on ar.
independent standard at a concentration other tr.ari that used for

- /e™/ / 3 /
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. I

instrument calibration, buc within che calibracion range. An
independent standard is defined as a standard coeposed of che
analyzes from a different source chan chose used in che standards
for che instruaenc calibration.

For 1C?, the Initial Calibration Verification Solution(s) muse be
run at each wavelength used for analysis. For GT, che inicial
calibration verification standard must be distilled. The values
for the ir!<r-«a1 and subsequent continuing calibration
verifications shall be recorded on FOR* II-IN for 1C?, AA, and
cyanide analyses, as indicated.

b. Continuing Calibration Verification (CCV)

To ensure calibration accuracy during each analysis run, one of
the following standards is to be used* for continuing calibration
verification ta4 must be be analyzed for every wavelength used for
the analysis of each- analyze, at a frequency of 10% or every 2
hours *"-**<£ an analysis run, whichever is more frequent. The
standard oust also be analyzed for every wavelength used for
analysis at the beginning of the run 'and after the last analytical
sample. The analyte • concentrations in the continuing calibration
standard must be one of the following solutions at or near che
mid-range levels of the calibration curve:

1. Z?A Solutions
2. NBS SBH 1643a
3. A Contractor-prepared standard solution

TABLZ 1. INITIAL AND CONTINUING CALIBRATION VSLITICATION
C3NT20L T.rvrrs FOE. INORGANIC ANALYSES

Analytical Method

ICP/AA

Cold Vapor AA

Other

Inorganic
Species

Metals

Mercury

Cyanide

% o* -̂ i. Va'ue r«* Se->
Lew Liait Sigh I •'-*•'-

90 110

80 12C

as 11;

The saae concinuing calibration standard oust be used chroughouc
che analysis rsis for a Case of samples received.

If the deviation of the -continuing calibration verification is
greater than che control liaits specified in Table 1-Initial and
Continuing Calibration Verification Control Liaits for Inorganic
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Inorganic Analyses, the instrument muse b« recalibrated and the
preceding 10 analytical samples or all analytical samples analyzed
since the last good calibration verification aust be perf oraed for
the analytas affected. Inforaation regarding the continuing
verification of calibration shall be recorded cm FORil II -IN for
1C?, AA and cyanide as indicated.

3. C33L Standards for 1C? f CRT'S
*

To verify Linearity near the GLDL for 1C? analysis, the Contractor oust
analyze an' 1C? standard at two r̂ *« the C3LDL. or two tiaes she IDL,
whichever is greater, at the beginning and end of each sample analysis
run, or a »^<i«m» of twice per 8 hour working shift, whichever is aors
frequent, but not before Initial Calibration Verification. This
standard Bust be ran by 1C? for every wavelength used for analysis,
except chose for Al, Ba, Ca, -re, Hg-,. Na and K.

Specific acceptance criteria" for the standard will be set by E?A in the
fucur*. In the incaria, the Contractor oust analyze and report these
Standards on POSH XX(?A£T 2} -IS.

4. Tr.l»lal Calibrarlan Hank ftCS) . CongJTmi?.g Calibrarior. Blank
and Preparation Blank f?S> Analyses

a. Initial Calibration Blank (ICS) and Continuing Calibration Blank
(CCS) Analyses

A calibration blank oust analyzed at each wavelength used for
analysis ianediataly aftar every initial and continuing
calibracion v«rificacioti, at a frequency of 10% or every 2 hours
during eh* run, whichever is more frequent. The blank oust be
analyzed at the beginning of the run and aftar the last
analytical saaple. The results for the calibration blanks shall
be recorded em FOEiJ III -IB for 1C?, AA and cyanide analyses, as
indicated. If the aagsirude (absolute value) of the calibration
blank result exceeds the IDL, the result oust be so reported in
ug/L on FORK III- 13 , otherwise report as H5L-U. If the absolute
value blank result exceeds the C2LDL (Exhibit C) , taraiaat*
analysis, correct the problem, recalibrate and reanalyze the
preceding 10 analytical samples or all analytical samples analyzed
since the last good calibration blank.

b. Preparation Blank (?B) Analysis

At least one preparation blank (or reagent blank) , consisting of
deionized distilled water processed through each sasple
preparation and analysis procedure (See Exhibit D, Section III),

• oust be prepared and analyzed with every Sample Delivery Group , cr
with each batch' of samples digested, whichever is more frequent.

"A group of saaples prepared at the same tiae.
£-6 7/S7
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* The first batch of sasples is an SDG is ~s be assigned c

i preparation blank one, the second batch of samples rs pr
blank two, etc. (se« ?G2it III-I2T) . Each data package must contain

^ the results of all the preparation blank analyses associated vith
I the samples in char SDC.

""Vis blank is Co be reported for each SDC and used in all analyses
* to ascertain whecher sample concentrations reflect contamination
. I in the .following manner:

« 1) If the absolute value of the concentration of the blank is
| less ?*** or equal Co the Contract Required Detection liait

(Exhibit C) . no correction of sample results is perforaed.
i

i 2) If any analyre eoncencracion in the blank is abô e the CR2L,
* • the lovesc concentration of that analyte in the associated

samples gust be lOx the blank concentration. Otherwise, all
' saaples- associated vith the blank vith the analyte's
I concentration less ?̂ m lOz the blank concentration and above

the CZDL, oust be redigested and reanalyzed for that analyse
i (except for an identified aqueous soil field blank) . The
| sample concentration is not to be corrected for the blank

value.

J

J

J

J

3) If the concentration of the blank is belov the negative COL,
then all saaples reported belov lOx CZDL associated vith the
blank must be rediges--*d and reanalyzed.

The values for the preparation blank oust be recorded in ug/L for
aqueous saaples and in ag/Kg for solid samples on ?QB£ III -IK for
1C?, AA., and cyanide analyses.

Interference Cheek SamLe

To verify intereleaent «*y* background correction factors , the
Contractor oust analyse and report the results for the 1C? Interference
Check Saaples at the beginning and end of each analysis run or a
*,*-* ~m~m of rvice per 8 hour working shift. vKicbever is oore frequent.
but not before Initial Calibration Verification. The 1C? Interference
Check Sasples Bust be obtained from I?A (SiSL/LT) if available and

'yted according to the instructions supplied vith the ICS .

J

1

The Interference Check Saaples consist of two solutions: Solution A and
Solution AS. Solution A consists of the interferents, and Solution A3
consists of the aiuJ.ytes nixed vith the interf erents. An ICS analysis
consists of analyzing boch solutions consecutively (starting vith
Solution A) for al1 vavelengths used for each analyze reported by 1C?.

Results for the 1C? analyses of Solution AB during the analytical runs
must fall vithin t~. control liait of ±20% of the true value for the
analyzes included in _jie Interference Check Saaples. If not, tersinata
the analysis, correct the problea. recalibrate the instrument, and
reanalyze the analytical saaples analyzed since the last good ICS. If
trae values for analyzes contained in the ICS and analyzed by 1C? are
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not supplied with the ICS, the mean aust be determined by initially
analysing the ICS at least five rises repetitively for the particular r

analyses. Thi« aean deterainacion aust be made (t>:-~'ng an analytical rur:
vhere che results for che previously supplied £?A ICS met all contract
specifications. Additionally, che result of this initial aean
determination is to be used as che true value for che lifetime of that
solution (i.e., until che solution is exhausted).

i
If che 1C? Interference Check Sample is noc available froa E?A,
independent 1C? Check Samples must be prepared with incarferenc and
analyse concentrations at the levels specified in Table '2-Inserf erent j
and Analyta £1 T̂ TI?*! Concentrations Used for 1C? Interference Check '
Sample. The maan_value and standard deviation muss be established by
initially analysing che Check Samples ac lease five times repetitively r
for each parameter on FORK IV-IS. Results must fall within the contra 1 r
limit of ±20%. of che established mean value. • The mean and standard
deviation must be reported in che raw data. Results froa :che • • ,
Interference Check Saaple analyses must be recorded on FORK IV-IS for I
all 1C? parameters. ^

TABLE 2. IBTZSJERSHT ASD AKAI7TE EL2SEHTAL CONCEST2ATIONS USED FOR 1C?
IHTSB5ES2fCE CHECK SAtgLZ

Analyses (ag/L) Interference (

A*
3a
Be
Cd
Co
Cr
Cu
Jir
Hi
?b
V
Zn

1.0
0.5
0.5
1.0
0.5
0.5
0.5
0.5
1.0
1.0
0.5
1.0

Al 500
Ca 500
Fe ' 200
ttg 500

Snike Sarnie Analvsis

The spike sample analysis is designed to provide information about the
effect of the sample matrix on the digestion and measurement

The spike is added before the digestion (i.e., prior zz
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I -the addition of other reagents) and prior zs any distillation steps
-I (i.e., CS-). At least one spike sample analysis ause be performed or.

each group of samples of a similar matrix type (i.e., water, soil) ar.c-
«i concentration (i.e., low, mcdius) or for each Saaple Delivery Group,
j whichever Ls more frequenc.

- If the spike analysis is perforaed on the same sample that is choser.
I for the duplicate sample analysis, spike calculations must be performed

the results of che sample designated as the "original sample'
(see section 7, Duplicate Sample Analysis). The average of the
duplicate results cannoc be used for the purpose of determining percent
recovery. Samples identified as field blanks cannoc be 'used for spiked
sample analysis. Z?A may require chat a specific sample be used for
che spike sample analysis.

The analyte spike must be added in che amount given in Table 3-Spiking'
Levels for Spike Sample Analysis,' for'each element analyzed. -If cvo'
analytical methods are used co obtain che reported values for che same
element within a Sample Delivery Group (i.e. 1C?, G7AA), spike samples
muse be run by each method used.

If che spike recovery is not wichin che limics of 75-125%, che data of
all samples received associated with thac spike sample and determined
by che same analytical method muse be flagged with che letter "N" on
FQRhs I-IN and 7-DI. An exception Co this rule is granted in
situacions where che sample concentration exceeds che spike
concentration by a factor ef four or more. In such an event, che dara.
shall be reported unflagged even if che percent recovery does not meet
che 73-125* recovery criceria.

For flame AA, 1C?, Eg, and Q? analyses, when che pre-digestion/pre-
distillation spike recovery falls outside che control liaits and che
sample result does noc exceed 4x the spike added, a pose-
digestion/pose-distillation spike oust be perforaed for chose elements
thac do noc m«et che specified criceria (exception: Ag). Spike che
unspiked aliquot of che sample at 2x che indigenous level or 2x C3LDL,
whichever is greater. Results of the posc-digestion/posc-distillacion
spike must be reported on FORM 7(?ABT 2)-IN.

In che instance where there is more char, one spike sample per matrix
and concentration per method per SDG, if one spike sample recovery is
not wichin contract criceria, flag all the samples of the same matrix,
level, and method in che SDG. Individual componene percent recoveries
(%£.) are calculated as follows:

%3.eeovery - fSS7-S3.') x 100
SA

Z?A may require additional spike sample analysis, upon Project Officer
request, far which the Contractor will be paid.

-9 :
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where, SSS. - Spiked Saaple Result
S2. - Saaple Result
SA - Spike Addad

Vhen saaple concentration i5 less chan the instrument detection liait,
us* Sri - 0 only for purposes of calculating % Recovery. The spike
saaple results, saaple results and % Recovery (positive or negative)
must b« reported on F3BH V-I5 for 1C?, AA and cyanide analyses, as
indicated.

The units for reporting spike saaple results vill be identical to those
used for reporting saaple results in FORH I-IS (i.e. , ug/L for aqueous

mg/Kg dry vcight basis for solid).

: 7ABLZ 3. S?UCTCLSTSLŜ 15. FOR SPTKI SAMPLE ANALYSIS

' For ICP/AA For Furnace AA Other ̂
(uc/W '' (uz/L) (ut/L)

Element Water
Aluminum 2 , 000
Antiaony 500
Arsenic 2 , 000
Barium 2,000
Beryllium . 50
Gadaium 50
Calcium *
Chromium 200
Cobalt 500
Copper 250
Iron 1,000
L*ad 500
Magnesium *
M»I-I»»T-I»«» son
Hercurv
Nickel 500
Potassium • *
Selenium 2,000
Silver 50
Sodium *
Thallium 2 , 000
7anadiua 500
Zinc SCO
Cyanide

Soil Vater Soil
*•

500 100 100
2.000 40 40
2,000

50
50 5 5
*

200
500
250
*

500 20 20
*

500

500
»

2,000 10 1C
50
*

2,000 50 50
500
500

10C

L.

NOT!: Elements vithout spike leve*- and not designated vith an
asterisk, must be spiked a: apprspria..•• levels.
"The levels shown indicate concentrations in the final digestate of the
spiked saaple (200 ml final voluae) .
^
"Spiking level reported is far both water and soil/sediaent matrices.
*So s-pike required.

I-10 7/87
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7. Strslicare Samie Aaal^sig Tv

On* duplicate sample must be analysed froa each group of sazples of a
similar macrix type (i.e., vatar, soil) and concentration ( i . e . , lav,

^ mediua) or for each Sample Delivery Group, whichever is acre frequent.'
' 3u?lisatmi casnoc be averaged for reporting on TCRii I-UT.

•4. Duplicate sasple analyses ara required for percent solids. Sasples
}- identified as field blanks oasaoc be used for dualities sample

analysis. E?A Bay raquira that a specific sample be used for duplicate
4 • sample analysis. If two analytical methods ara used to obtain the

I reported values for the saae element for a Sample Delivery Group (i.e. ,
1C?, G7AA.) , duplica.ee saaples muse be run by aach method used.

^ The raLidva percent differences (2?D) for each component ara
I' caleulaced as follows: "

. 'SPD - IS • PI x 100
J . (S+0)/2

Shera, 2PD - RalaciTe Perceac Difference
• S - First Saafle Value (original)
I D - Second Saapla Value (duplicate)

« The results of the duplicate sascle analyses aust.be raported on T3B2L
| VI-IS in ug/L for aqueous samples and ag/Kg dry veigst basis for solid

original aad duplicate saaplea. A. conzrol liait of 20% for £52 shall
be used for original and duplicate sasple values greater than or equal

, to *z Q2L (Izhlbit C). A eonrral liait of (±) the C2DL oust be used
J for saaple values less ~*vn 5z C2DL, and the absolute value of the

conrrol lisit (CSLDL) gust be anta-rad in the 'Control. ULsit* ccluar on
-» FORK 7I-IS.

If one result is above the Sx C2CL level and the other is below, use
j the £ C3L2L criteria. If both saaola values are less than the IDL.. the

I 2PD is not calculated en FOBU VI-IN. "or solid saaple or duplicata
results < 5x C22L, encar the absolute value of the C22L, corrected for

- sasple weight and percent solids, in the 'Control Lisit* column.

J If the duplicate sasple results ara outside the control liaits, flag
all the daca for sasples received associated vith that duplicate sample
virh an •*• on FOHXs I-IN and VI-15. In the instance vhera thera is

\ aora ^s*r\ one duplicate sample per SSG, if one duplicaca result is not
vithln conrracr criteria, flag all samples of the saae marrix,
concentration, and method in the SDG. The percent difference dasa vill
be used by E?A to avaluata the long-tera precision of the methods for
each parameter. Specific control liaits for each element vill be adced
to F0££ VI-IS at a later cat* based on these precision results.

"I?A may require additional duplicate sample analyses, upon Project Officer
request, for vhich the Contractor vill be paid.

S-L1 7/S7
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1

J
•

J

Aqueous and solid Laboratory Concrol Samples (LCS) must be analyzed for
each analyte using the saae sample preparations, analytical oethods and
QA/QC procedures eaployed for the E?A samples received. The aqueous LCS
solution oust be obtained from EPA (if unavailable, the Initial
Calibration Verification Solutions may be used). One aqueous LCS must
be prepared and analysed for every group of aqueous sasples in a Sample
Delivery Group, or for each batch of aqueous saaples digested, whichever
is more frequent. An aqueous LCS is not required for mercury and
cyanide analysis.

The EPA-provided solid LCS Bust be prepared and analyzed using each of
the procedures applied to the solid samples received (exception:
percent solids determination not required). If the E?A solid LCS is
unavailable, other EFA Quality Assurance Check samples or other
certified materials may be used. One solid LCS must be prepared and
analyzed for every group of solid saaples in a Sample Delivery Group. or
for each batch of samples digested, whichever is more frequent.

All LCS results and percent recovery (%&) will be reported on FORM VII-
IN. If the percent recovery for the aqueous LCS falls outside the
control limits of 80-120% (exception: Ag end Sb), the analyses must be
terminated, the problem corrected, and 'the previous samples associated
with chat LCS redigested and reanalyzed.

If the results for the solid LCS fall outside the control limits
established by EPA, the analyses oust be terminated, the problem
corrected, and the previous saaples associated with that LCS redigested
and reanalyzed.

9. 1C? Serial Dllurior. Analysis fL)

Prior to reporting concentration data for the analyte elements, the
Contractor gust analyze and report the results of the 1C? Serial
Dilution Analysis. The 1C? Serial Dilution Analysis must be performed
on each group of samples of a similar matrix type (i.e., water, soil and
concentration (i.e., lov, medium) or for each Sample Delivery Group,
whichever is more frequent. Samples identified as field blanks cannot
be used for Serial Dilution Analysis.

If the analyte concencracicr. is sufficiently high (minimally a facrsr cf
50 above the instrumental detection limit in the original sample), a-
analysis of a 5-fold dilution must agree within 10% of the original
determination. If the dilution analysis for one or more analyses is net
within 10%, a chemical or physical interference effect oust be
suspected, and the data for all affected analytes in the samples
received associated with that serial dilution must be flagged with ar.
"I- on FORM IX-IN and FORM I-IN.

1 i- .._ .^. c . r.ev

J
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The percent differences for each component are calculated as fell

% Difference - ————— x 100

vhere, I - Initial Sample Result
S - Serial Dilution Result (Instrument Reading x 5)

In the insranre vhere there is more ĝ *« one serial dilution per SDG,
if one serial dilution result is noc vithin contract criteria, flag all
the samples of. the same matrix *"4 concentration in the Sample Delivery
Group . Serial dilution results *r*A T" flags must be reported on FORM

Before any field samples are analysed under this concrac:, rhe
instrument detection liaits '(in ug/L) oust be determined for each
insrrament used, vithin 30- days of she scare of contract analyses and
at leas: quarterly (every 3 c»T«nriiT months), and must meet the levels
specified in Exhibit C.

The Instrument Detection Limits (in ug/L) shall be dete rained by
multiplying by 3, the -average of she standard deviations obtained on
three nonconseeutive •'• *ys from she analysis of a standard solution
(each analyse in reageut vacer) at a concentration 3x-3x H)L, vith
seven consecutive meaTuremencs per day. Each measurement must be
performed as though it were a separate analytical sample (i.e., each
measurement must be fallowed by a rinse and/or any other procedure
normally performed beu'een the analysis of separate samples). IDL's
must be determined and reported far each wavelength used in the
analysis of the samples.

must be reported for each instrument used on FORK H-IN submitted
vith each data package. If multiple AA. instruments are used for the
analysis of an element vithin a Sample Delivery Croup, the highest 121
for the AAs must be used for reporting concentration values for that
Sample Delivery Group. The saae reporting procedure must be used f=r
multiple IC?s.

nters eaeTTt

3efore any field samples are analyzed under this contract, the 1C?
interelement correction factors must be determined vithin six months cf
the stare of contract analyses and at least annually thereafter.
Correction eactars far spectral interference due ta Al, Ca, ?e, and Mg
must be determined at all vavelengrhs used for each analyte reported by
1C?. Cox. action factors for spectral interference due to analytes.
other ''-,*•?• A." Ca, ?e, and Jig oust be reporeed if they were applied.
Results from interelement correction factors determination must be
reported an FORM EI(?A2T l)-3 and FOB- ZH(?A£T 2) -IK far all 1C?
parameters .

7/S?
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For 1C? analysis, a linear range, verification check standard sust be
analyzed and reported quarterly (every 3 calendar aonths) for each
element on FORM XII-IS. The standard sust be analyzed during a routine
analytical run performed under this contract. The analytically
determined concentration of this standard must be vithin ± 5% of the
true value. This concentration is the upper limit of the 1C? linear
range beyond which results cannot be reported under this contract
without dilution of the analytical sample.

13. ?rrrr.aee Atomic Absorarign fAA> PC Ar.&lvses ._

Because of the narure of the Furnace AA. technique, the special
procedures summarized in Figure 1-Furnace AA Analysis Scheme vill be
required for quantisation.- (These procedures do not replace those in
'Exhibit D of gM * SOT, but supplement the guidance provided therein.-)

a. All furnace analyses, except during Full Hethed of- Standard
Addition (HSA), vill require duplicate injections for which the
average absorbance or "concentration" will be reported. All
analyses must fall vithin the calibration range. The raw data
package must contain absorbance or "concentration" values for both
injections, the average value and the relative standard deviation
(BSD) or coefficient of variation (CV) . For concentrations
gr»?.tar **«™ C32L, the duplicate injection readings must agree
witiiin 20% BSD or CV, or the sample oust be rerun once (i.e. , tvo
additional burns). If the readings are still out, flag the value
with an •«»• on FOEH I-IS.

Ir the preparation blank analytical spike recovery is out of _
control (35-112%), the spiking solution must be verified by
respiking and rerunning the preparation blank once. If the
preparation blank analytical spike recovery is still out of
control, correct the problem and reanalyze all analytical samples
associated with that blank.

b. All furnace analyses for each analytical sample-will require at
least an analytical spike ca determine if the USA will be required
for quantisation.- This requirement far an analytical spike vill
include the LCS and the preparation black. (The LCS must be
quantitatad from the calibration curve and corrective action, if
needed, taken accordingly. USA is not to be performed on the LCS
or preparation blank, regardless of spike recovery results.) An
analytical spike is not requirsd on the pre-digestian spike sarple
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Figure 1.
FOSSACZ ATOKIC ABSORPTION ANALYSIS S
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vfaen the pre-digestion spike sample recovery is within the
specified coucrol liaits of 75-125% or when the sasple
concentration is greater than 4x the pre-digestion spike
concentration. The spike will be required to be at a
concentration (in the staple) 2s. C2J3L.

The analytical spike of a saaqple nut be ran iaaediataly after
tha-t saaple. The percent recovery (%B.) of the spike, calculated
by the saae foraula as Spike Saaple Analyses (see item 6, this
section) , will then determine how the saaple will be quantitatad,
as follows:

1) If the spike recovery is less r**n 40%, the sasple must be
diluted and rerun with another spike. Dilute the sasple by a
factor of 5 to 10 and reran. This step oust only be
performed once. If after the- dilution the spike recovery is
still <40%, report data and flag with an "E" to indicate
interference p rob leas .

2) If the spike recovery is greater than 40% and the sample
absorbance or concentration is <20% of the 'spike , report
the saaple results to the IDL. If the spike recovery is less
than 82% or greater than 115%, flag the result with a "V" .

3) If the saaple absorbance or concentration is >20% of the
spike and the spike recovery Lr between 82% and 112% , the
saaple oust be quantitatad directly froa the calibration
curve and reported to the IDL.

4) If the saaple absorbance or cc icentration is >50% of the
spike and the spike recovery is less HI*™ 82% or greater than
112%, the saaple oust be quantitated by KSA.

c. The following procedures will be incorporated into USA analyses.

1) Data from £SA calculations oust be within the linear range as
determined by the calibration curve generated at the
beginning of the analytical run.

2) The saaple *™± three spikes mist be analyzed consecutively
for KSA' quanti ration (the 'initial' spike ran data Ls
specifically excluded froa use in the i!£A quantitaticn) .
Only îsgle injections ar* rsquirsd far ilSA cuantitatisr:.

Soikes are post-digestion spike* ta be prepared prior to analysis by
adding a known quantity of the analyze ta an aliquot of the digested
sasple. The unspiked sasple «..'-'quoc otust be conpensatad for any voluae
change in the spike sasples by auction of deionized water ta the unspixec
sasple aliquot. The volume o." the spiking solution added oust not exceed
10% of the analytical saaple volume.

"Spike" is defined as [absorbance or concentration of spike saaplej
[absorbance or concentration of the saaple;.

1-15



Lach full !tSA counts as tvo ana:ytical sazpi.es -owarcs L_.
determining 10% QC frequency ( i . e . . five full ^^_s car. be
performed between calibration verifications) .

3) For analytical runs containing only Ji£As, single injections car
i be used for QC staples during that run. For instruments 'tha;

operate in an MSA aode only, MSA can be used to determine CC
samples during that run.

*•) Splices oust be prepared such that:
t

a) Splice 1 Is approximately 50% of the sample absorbance.
b) Spike 2 Is approximately 100% of the sample absorbance.

1 c) Spike 3 is approximately 150% of the sasple absorbance.

5) The data for each KSA analysis oust be clearly identified in
i the raw data docuaantation (plocting added concentration on the
. z-axis and absorbance or found concentration on the y- axis)

i along with the slope, x-intercept, y-intercept and correlation
( coefficient (r) for the lease squares fit of the data. The

results Bust b« reported on FORM VIII-IN. Reported values
obtained by MSA must be flagged on the data sheet (FORM I - IK)
with the letter "S" If the correlation coefficient is greater

i than or equal Co 0.995.

6) If the correlation coefficient (r) for a particular analysis is
i less than 0.995, the MSA analysis oust be repeated once. If

the correlation coefficient is still lass than 0.995, report
the results on PORtt I-IN from the run with the best "~" and

, flag the result with a •+• on FORM 7III-IH and FORM I-IS.

r-17 i:/:' =.e
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H Element Pa

MfclliM Calib |

Elfificnt: Pfali

PRINTER: [1 Means Oil

OPT IQMS : [H] Califa, Cu

PEAK STORAGE: 0 ffan

REMRRKS:
STD PREP DATE:
STD PREP TIME:
flrtflLyST :
PROJECT:
CflSE/SflS:

rawter - C:\AftJEER\5198\ELElEflT\PB.GEL

Inst HBfl | | fB-i5a/1 | ftS-68/2 (&-6G/3 \

Analyst: HP

y [T] Main Data [] Main^Suppl .

rves [H] Peak Plots [HJ Sailer Uolwes

e Qflll Ql Repl./Sa ĵlc

MATRIX:
TflST: Z5196-A



Ensec

FIGURE 2

H Element

Main | •WtllHM

CfiLIBRfiTIDH TVPE: F

SlflflDflRD HUTS:
D 3/«- D »9/L E

Parameter - C:\fifl_USER\5198\ELBlEWT\PB.GtL

Inst | HER M flS-68/1 | ftS-68/2 ftS-i58/3 i

i Linaar [F] Nonlinear
Ifeth. of Add. [jMeth. of Add. Calib.

1 U9/L | | ng/L | | pgA
• ^H^M ^mw

n 1 : Factor•™" i

STftHDftRB COrC.: SI: 18.8 S2: SB .8 S3: 199.8 S4:
•*5: S£:

r g/i ' n «g/
[_ ng/g J wtS

REPLiraiES: [j 1

if cone <
if cone > 198. 8 _

S7: S8: Hsln:

L 0 ug/L 1 1 ng/L
n : F] Wt/Uol— ^^

D3 DS
use if between

B pg/L 1 j i»g/g [j ug/g
Wt/Wt : Factor

0 2. (1-99)

S UM

_ use 1_ else use 2_ (1-991



3JIH100WS 1H3I3H

3HIi OOE

'2 ins
>l»d Q "IS Q

(898-861) G

(63-B) B :(3»)

CB9H) ——^D ED

2/99-SH I 1/B9-SH I tf9H



FIGURE

Element Parameter - C:\ftfi.USER\5iaB\ELBlEHT\PB.GEL

Main Calib

Diluent Volume: Diluent Location: _

MATRIX nOBIFIER PflRAMETEBS:
Modifier U1 Location: __

Pipet Before Sai*>le [

Modifier «2 Location: _
Pipet Before Sanple

Hodifier H1 Uolune: __
Pipet With Sanpl« [j Pipet After Sanple

Hodifiar «2 Uolune: _
Pipet With Sanple Pipet After Sanple

PIPET PflWWETERS:
Protocol:
Nurter of Hash Steps:

of Injectionat:

Pipet Together
1
1

2
5

Pipet Separately
3
_ (1-18)



H I Elewent Paraneter - C:\flflJJSER\5108\ELEMEHT\PB.Ga

Main

HEF

San

Add

CTEWCE

&alifa Inst |

STRMDflRDS PflRANETESS
Solutions

Std.

Location

Blank ms^^^
Standard 1
Standard 2
Standard 3
Standard 4
Standard 5
Standard 6 •
Standard 7
Standard 3
Realooe

37
38
39

HEn

,

Uolune

| fiS-i58/1

Diluent
UoliMe

2fi !
26 I
20 I
28

I
I

• HS-60/2 •ii's-ghttclB

Modifier *1
Uoluw

pie Blank Location: _

itiorw Definition: 0 Automated Addition* Q

Modifier t*2
Uolurae t

I

I
i
I
I
I
i
I
Ii

I

Prenixsd Additions



Ense-:

FIGURE 6

Element Parameter - C:\PfLUSER\5188\ELEHEMT\PB.GEl

SflWLE BEVOND CfiLIBRftTIOM RflnEE:
Beyond Calibration Action: [Fj Continue (H Dilute 8 Reanalyze
Alternate Sa*>le Uolune: |__ Separate (Xercal Blank: [] Ves [Tj Ho

RECOUERV HEASURQ1EHT PflRflflETEBS:
Use _ uL of tha ________ us/L
The net recovery concentration will be

standard at location _
ug/L

PERIODIC RECftLIBRATIOn PflRfiHETERS:
Rscalibration Type: fF| Restandardize | | Res lope
Run Before Sample Locations: _ _ _ _ _

PERIODIC CHECK SWLE PPRAMETERS:
Location: _ Lower linit:
Fhxi Before Sample Locations: _

Upper Linit:

Out of Linit Action: Continue
Stop

Recalibrate K Continue
Recalibrate S Rerun



M ID/¥eight Parameter - C: \flfl_USER\5108\EIN T\ in ITS TD.A68

ftoalvst: 1 SOTO. Yol

Weight Units: g »g * uj
Uolune Units: * I \ mi u!
Autosa ĵler : __ Kanual _ AS-51 K_ ft

Position i Sample IB
1 ! CRA
2 I ICU
3 I ICB
4 I CCU 1
S I CCS 1

. : 188 Moninal lit.: 1 .8

3 i : Factor :
I : Factor:

J-68

Weight
I 1
I 1
I 1

1
1

6 I I
7 I I

Dilution
1
1
1
1
1

•

*

£

V



Ensec

FIGURE 8

Control - C:\flfl_USER\518e\ELQlEm\PB.SEL

Wavelength: 283.3
Slit: e.TB
Energy: 64
Lanp Current: 8
Cirrent A/S Position: 8

Pb

Data File: _____
ID/Wt Filei'UNTITLED.
Sanple Locations: 1-c

[Save l3»/0ff Printer On-OFF

All Reset Sampler Run Samples

Run Standards Reslope I Sampler Standby

Location: 28
Uolune (uL): 28
Ropls: 2

fan Special

Flush



rTCUrll 9

HJ Element Par»et«r - C:\flfl_USER\5198\ELEHEHT\fiS.GEl

Main Calib

Step
Number

1
2
3
4
5
6
7
8
9
18
11
12

Furnace
Temo.
286 I

1386
26 I

2386

I Inst

Tine
Ranoam

18 I c

KB
(sec)
Hold

25
18

1 J 5
/ JBfcflrt 5

2696 I

I

I 1
1

5
5
5
5
5
5
5
5

Internal
Flow
368
388

ftS-68/1 fls^se/2

^

^

••

ĵ

368
8

388
38f:
38E,
38R
388
3BR
38B
388

••
•

Ba
Typ

fF
n
ri
n
n
n
n
n
fi
n
ri

5
e
M

t

^>

f

^

»

»

^

^

^

^

w

x
0
A
fl
A
fl
fl
fl
fl
D
A
A

Read

^MMWî M^

^

••

•i

•

ftS-68/3

Prel
Repe

P
P
P
P
P
P
H
P
P
P
P
P

ir
at
Mi

•

/

n

Tl
R
R :
R
R
R
R
R
R
R ;
R ,



FIGURE 10

Ense.

H Element Para-etar - C:\flfl_USER\5198\ELEHENT\SE.GEL

Main I I Calib Inst

Stap
Ntwber

1
2
3
4
5
6
7
8
9
18
11
12

Furnaca
Te»D.
296
986
26

Tine
Ramp

1
5
1

2296 I 9
2696

I

I

1
(sec)
Hold

5
5

K39I f
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Flow
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flS-68/1 fiS-60/2
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M

368
8

5 1 369
2
5
5

368
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5
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t

t
Y
w
w
w
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w
w
w

K
n
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N
fi
n
n
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n
n
n
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Read

•̂̂ M^̂ Bî M
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A *•
A
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A
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A

••
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•
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Reg ft

P
TH
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P
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P
P
P
P
P
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FIGURE 11

H Element Parameter - C:\Pfi_USER\51Q8\ELErtEhATL.GEL

| Main | I Calib ! Inst | |

Step
Nt»*er

1
2
3
A
5
6
7
8
9
16
11
12

Furnace
Tesio.

EH9HH
636

26
2296

Time (sec)
Rare Hold

1
5
1
8

2*86 1

.

1

25
IS
5
S
5
5
5
S
5
5

^HTfiR^^^H ftS-i5a/1 flS-68/2

Internal
Flow
389
388
388

a

Sas
Type"

388
368
368
388
380
368

S 1 388
5 368 I

•
fl
n
n
n
n
n
n
ri
n
n
n
fi

Y
tY
Y
f
Y
^
Y
Y
Y
Y
Y

fl
0
fi
A
A
fl
fl
fl
fl
fl
fl
fl

Read

^

flS-68/3 i

Preliia/ i
Repeat '

•
•

P
P
P
P
P
P
P
P
P
P
P
P

IB

•

R I
R i
R i
R I
R I
0 I
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R i
R :
R i

IK i
R !



FIGURE 12

Ense:

H Element Parameter -

Main Calib

Step
Number
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5
6
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a
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FIGURE 13

tnse:

H Element Parameter - C:\Afl_USER\518e\ELEJ1EHT\SB.5EL

Ha in Calib I | Inst
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HGA APPLICATIONS DATA SHEE~ Enseo;-

Element: -rs Matr-ix:

HGA-50C Program Location:

Instrumental Darameters

Lr.sz. Model

Wavelengri

22SO

Readout Parameters

Ahsorbance/Csnc: -^ a-s "°r :;

•M Peak Heicht; tise

Specrral 3ar.dwidrh: 0.7 nm (alt) ( | pea^ Area;

Lighr Source : £^L_______

Carrenr/Watrs : 5 (W/D2)

Q] Recorder: Printer

Background Ccrrec-rion?

HGA Parameters
Ke vizard En-cries

HGA Model

Graphite Tube : Uncoated

Sample AJif^ar^. 25 ul

Sample Inzroduction

Manual: ___

Aursnated: A

Replicares: __2

Purse Gas : ^r;

Alremare Gas :

Step

130

Rasp (s) | 5

Bold (s)

R«ad

1100 2300

10

10

Rec.

Baseline

sil/stin

lar.Al
nl/mir

2500

StOD

al/ais



HGA APPLICATIONS DATA SHEET -̂ —'-̂ =— Ense

Element: Selenium Matrix: 2* '- -r 5'; rNO- (ICO u; :er 1C ni sa-n'e' =s c

Ta'-lx rodifie""

HGA-500 Proaram Location:

Instrumental Parameters

last. Model : 2230

Readout Parameters

Absorbance/Conc: -150 for 50. C u" /L s td .

Wavelength : 196.0 nn Q] ?eak Height; tiae 5.0

So«c — ai Bandwidth: 0.7 nn ALT [~j Peak Area; tiae

Light Source : EDL Q] Recorder: or inter

Cur rent /Watts : 6

Background Correction? D~
(Deu te r ium;

HGA Parametf~s

HGA Model : 400

Graohite Tul-» : P y o / o l ;

Saaple Aliguot: 20 ul

Sasple Introduction

Manual:

Autoaated: ^

Reolicates : 2

Purge Gas : A r g o n

Alternate Gas :

1

Keyboard Entries

Step

1ir»fftp *c

Ranp (sj

Hold (s)

Read

Rec.

1 2 3 4 5 6 7 9 9

140 900 20 2200 2500 20

1 5 1 0 1 1

20 10 5 5 2 2
1 i l lv ; 1

i ; ;
Baseline I n \

I W < ':

Int.? low

Ir.t.Alt.

Stcs :

i

:̂ ;A::""



HGA APPLICATIONS DATA SHEET Ensec

Element: ~'"all ium Matrix:

HQA-500 Program Location:

Instrumental Parameters

last. Mo<iel : 2330

Wavelen.g-w • 276.8 nm

Soec — al Bandwidth: 0-7 nm ( a l t )

Light Sourse : EDL

Current /Watts : 6 watts (w/D2)

BacJccround Correction? D2

HGA Parameters

EGA Model : 400

Graphite Tube : Uncoated

Sample Aliquot: 20 ul

Sample Introduction

Manual:

Automated : X

Replicates: 2

Purge Gas : Anon

Alternate Gas :

Readout Parameters

Absorbance/Ccnc: -1=0 ab^ £or 50 oob

Fl PeaX Height; t

r~] Peak Area; t

[^1 Recorder: or

Keyboard Entries

Step

Trap *C

Ramp (s)

Bold (s)

Read

Rec.

B*s»l' n«

Int. Flow
nl/min

Int. Alt.
ml /sin

Sxt.Alt.
rnl/min

1

120

5

15

2

500

5

15

iae 5-0

iae

• intar

3

23QO

0

5

X

Stoo

4

2500

1

2

' S 6 7 S S

,

i i



Element: Lead

HGA APPLICATIONS DATA SHEET

Matrix: =- u1 5- Ni

""Ensec

HGA-500 Program Location:

Instrumental Parameters

Inst. Model : 2330

Wavelength : 282.3 nn

Soee— al Bandwidth: 0-7 nm

Light Source : ^DL

Current/Watts : 8 (w/02)

BacJccround Correction? D2/y6S

HGA Parameters

HGA Model : 400

Graohite Tube : Uncoated

SaaDle Alicuot: 20 ul

Sample Introduction

Manual:

Automated: *

Reolicates: 2

Pur^e Gas : Argon

Ait amaze Gas :

Readout Parameters

Absorbance/Conc :

ITl Peak Height; t

I 1 Peak Area; t

[^] Recorder: D r i n 1

Keyboard Entries

Step

Temp "C

Ramp (s)

Bold (s)

Read

Rec.

Baseline

Int. T low
ml /mi n

Int. Alt.
al/min

sxt.A:-..
ail/nin

1

120
5

15

2

.150 abs for 50 ODD

ime =.3

iae

ter

3

500 (2300
5

15

0

5

! x

Stoo
'

4

2500
1

2

5 6

I

7 8 5

; |
; !

1
[

i

1



nnse:
HGA A P P L I C A T I O N S DATA SHEE~

Element : Cacmrjm Mat r ix : -- H ' JC-

HGA-500 Program Location:

Instrumental Parameters

•

'-St. Model : 2380

wavelenc-'- : 223.3 nm

Soectral Bandwidth: °-~ nm A1 1

Lishr Source : HCI / EDL

C-— ent/Watts : 5 ma / 5 watts

BacJccround Correction? ^

H6A Parameters

EGA Model : 4QQ

Granhite Tube : Uncoated

Sassle AliqTjot: 20 ul

Samsle Introduction

Manual:

Automated: X

Reolicates:

Purse Gas : Ar

Alternate Gas : None

Readout Parameters

Absorbance/Conc: 0 .042/1 .0 u c / L

I A | Peak Height; r

I I Peak Area; t

(J] Recorder: Ori

Keyboard Entries

Step

T«Bp «C

Rasp (s)

Bold (s)

Reed

Rec.

Baseline

Int. Flow
nl/suLn

Int. Alt.
si/Bin

Sxt.Alt.

1

130
5

15

2 3

500 1300
10 0

10 5

X
!

ise = sac.

iae

iter

4

2400
1

•5

I

StOD

1

5 6 7 S j S
I

I

i

I

1

I |

1

1

1

I
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Element: A r sen i ;

HGA APPL ICAT IONS DATA SHEET

M a t r i x : 2% N1, z% H N 0 3

HGA-500 Program Location:

Instrumental Parameters

Inst. Model : Z5000

Wavelength : 193.7 nm

Spectral Bandwidth: 0.7 nm

Light Source : EDL

Current/Watts : 6 watts

Background Correction? Zeeman

HGA Parameters

HGA Model : 500

Graphite Tube .- pyro/plat

Sample Alicruot: 25 ul

Sample Introduction

Manual:

Automated: X

Replicates: 2

Purge Gas : Arqon

Alternate Gas :

Readout Parameters

Absorbance/Conc: 150 for 50 UG/L

|_J Peak Height; time

| X | Peak Area

I | Recorder:

Keyboard Entries

Step

Temp °C

Ramp ( s )

Hold (s)

Read

Rec.

Baseline

Int. Flow
ml/min

Int. Alt.
ml/min

Ext. Alt.
ml/min

1

140

1

25

2

1100

10

10

time 5.0 sec

3

20

1

5

0

4

2300

1

5

X

X

0

5

2600

1

3

•

6 7 8 9
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CALCULATION

NOTES

Deterrr.inarion oerformec bv: Date



HGA APPLICATIONS DATA SHEET
Element: Matrix: 2% Ni, 5% HN03

HGA-500 Program Location:

Instrumental Parameters

Inst. Model : Z5000

Wavelength : 196.0 nm

Spectral Bandwidth: 0.7 nm

Light Source : EDL

Current/Watts : 4-5 watts

Background Correction? Zeeman

HGA Parameters

HGA Model : 500

Graphite Tube : pyro/plat

Sample Aliguot: 20 ul

Sample Introduction

Manual:

Automated: X

Replicates: 2

Purge Gas : Argon

Alternate Gas :

Readout Parameters

Absorbance/Conc: .150 for ua/L std

fin Peak Height; time 5.0 sec

I [ Peak Area; t

(X~j Recorder: pn

Keyboard Entries

Step

Temp »C

Ramp (s)

Hold (s)

Read

Rec.

Baseline

Int. Flow
ml/min

Int. Alt.
ml/min

Ext .Alt.
ml/min

1

140

1

20

2

900

5

10

i"»

nter

3

20

1

5

0

•

4

2200

0

5

X

X

0

5

2600

1

3

6 7 8 9
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HGA APPLICATIONS DATA SHEET

Element: T h a l l i u m Matrix:

HGA-500 Program Location:

Instrumental Parameters

Inst. Model : Z5000

Wavelength : 283.3 nm

Spectral Bandwidth: 0.7 nm

Light Source : EDL

Current/Watts :

Background Correction?

HGA Parameters

HGA Model : 500

Graphite Tube : pyro/plai

Sample Aliguot: 25 ul

Sample Introduction

Manual:

Automated: X

Replicates: 2

Purge Gas : Argon

Alternate Gas :

Readout Parameters

Absorbance/Conc: .150 50 uq/L

|~X~] Peak Height; time 5.0 sec

|T| Peak Area; t

[XJ Recorder: pri

Keyboard Entries

Step

Temp "C

Ramp (s)

Hold (s)

Read

Rec.

Baseline

Int. Flow
ml/min

Int. Alt.
ml/min

Ext .Alt.
ml/min

1

140

1

25

2

500

5

10

Q

Imft

nter

3

2300

0

5

X

X

0

4

2600

1

3

5 6 7 8 9
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Purge Gas : Araon

Alternate Gas :

Readout Parameters
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1 I Peak Area; t

|X | Recorder: P'

Keyboard Entries

Step

Temp °C

Ramp (s)

Hold (s)
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Rec.

Baseline

Int. Flow
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Int. Alt.
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1
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1

25

2
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5
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9
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Subject or Title: Page 1 of 22
The Determination of Volatile Organica (VOCS)

in Ambient Air by GC/MS - Scan Mode

SOP NO: Revision No.: 2.0 Effective Date:
CRL-LM-7001 March 1, 1990

Supercedea: Revision 1.0

1. Scope and Application

1.1 Analytea (See Table 1)

1.2 Detection limit (See Table 1)

1.3 Applicable matrices - air

1.4 Dynamic range (Sec Table 1)

1.5 Approximate analytical time

4 min. - cool down of cryo trap
2 min. - flush of inlet system on trap
10 min. - collection of 500 mL sample on trap
2 min. - flush of inlet system with internal std.
2 min. - collection of 100 riC of internal std on trap
2 min. - flush of trap with HP Helium
32 min. - GC run time

When running multiple sampleu, steps can be overlapped
to reduce run time to 40 min.

Prepared by: Steve Harris Date:

^/dV/</-<o
Management ̂ ^pprpvalr/ Date:

QA Officer Approval: Date:
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SOP

The Determination of
in Arobient Air

NO:

Volatile Organica (VOCa
by GC/H3 -

Revision

Scan Mode

No . : 2.0
CRL-LM-7001

TADLE 1. VOC Target Compounds

}

Effective Date:
March 1, 1990

Detection Limita Dynamic

2)
3)
4)

5)
6)
7)
8)
9)
10)
11)

12}
14)
15)
16)
17)
10)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
30)
39)
40)
41)

Compound

Dichlorodif luoromethane (Freon 12
Chloromc thane
1 , 2-Dichloro-l , 1,2,2-

tetraf luoroothane (Freon 114)
Vinyl chloride
Bromomethane
Chloroethano
Trichlorof luoromeUianc (11)
cis-1 , 2-Dichlorocthcne
Carbon diaulfide
1,1,2-Trichloro- 1,2,2-

trif luoroothane (Freon 113)
Acetone
Methylone chloride
trano-1 , 2-Dichloroothene
Hexane
1 , 1-Dichloroethane
Vinyl Acetate
1, 1-Dichloroethene
2-Dutanone
Chloroform
1,1, 1-Trichloroethane
Carbon totrachloride
Benzene
1,2-Dichloroethane
Trichloroethene
1 , 2-D ichloropropane
1,4-Dioxane
Bromodichloromethane
cis-l,3-Dichloropropene
4-Methyl-2-pentanone
Toluene
trano-1, 3-Dichloropropene
1, 1, 2-Trichloroethano
Tetrachloroethene
2-!Iexanone
Dibromochloromo thane
1,2-Dlbromoethane .
Chlorobenzene
Ethylbenrene
1,4-and l,3-(p,m) Xylene

H.T.

) 1.49
2.40

2.52
2.06
3.50
3.93
4.5-1
5.63
5.G3

5.07
6.10
6.09
7.36
7.90
0.22
0.71
9.4*3
9.60
10.27
10.27
10.53
11.00
11.19
12.44
12.07
13.34
13.68
14.61
15.14
15.16
16.00
16.34
16.20
17.10
17.06
17.00
10.20
10. 73
19.04

MDL (ppbv)

0.07
1.2

1.0
1.2
1.5
2.5
0.55
0.04

' 6.2

0.96
6.6
1.9
1.9
4.0
1.2
1.3
1.1
1.4
1.1
0.45
0.55
1.6
0.53
1.2
3.9
3.5
0.90
1.5
1.6
1.5
1.6
1.4
1.4
3.0
1.4
1.0
1.3
1.3
2.6

Range (ppbv)

0.07-300
1.2-300

1.0-300
1.2-300
1.5-300
2.5-300
0.55-300
0.04-300
6.2-1200

0.96-300
6.6-300
1.9-300
1.9-300
4.0-300
1.2-300
1.3-300
1.1-300
1.4-300
1.1-300
0.45-300
0.55-300
1.6-300
0.53-300
1.2-3CO
3.9-300
3.5-300
0.90-300
1.5-300
1.6-300
1.5-300
1.6-300
1.4-300
1.4-300
3.0-300
1.4-300
1.0-300
1.3-300
1.3-300
2.6-600
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TABLE 1.

Compound

42) l,2-(ortho) Xylene
43) Styrene
44) Dromoform
45) 1,1, 2, 2-Tetrachloroethane
46) Benzyl chloride
47) 4-Ethyltoluene
40) 1 , 3, S-Trimethylben^ene
49) 1,2,4-Trimethylbenzcne
50) 1,3-Dichlorobenrene
51) 1, 4-Dichlorobonzene
52) 1,2-Dichlorobenzene
53) 1,2,4-Trichlorobenzeno
54) Hexachlorobutadieno
2. Summary of Method

of Volatile
ir by GC/MS

Pago 3
Organica (VOCa)
- Scan Mode

of 22

Revioion No.: 2.0 Effective Date:
March 1, 1990

VOC Target Compounds
(Continued)

R.T.

19.94
20.02
20.37
21.99
21.90
22.31
22.40
23.37
23.04
24.13
24.97
29. 2G
29.93

Detection Limits
MDL (ppbv)

1.1
3.5
1.0
1.9
1.0
2.0
1.3

' 1.5
1.7
2.2
2.4
3.6
2.4

Dynamic
Range

1.1-300
3.5-300
1.0-300
1.9-300 _̂
1.0-300 "~
2.0-300
1.3-300
1.5-300
1.7-300
2.2-300
2.4-300
3.6-300
2.4-300

2.1 A pressurized air sample io metered through a mass flow controller
onto a cryogenically cooled trap. After 'jOO mL of the oample haa
been trapped, a valve io switched and the trap is heated to purge the
trap's contentu onto the gae chromatography column. The target
compoundo are analyzed with a mass spectrometer operated in the scan
mode.

3. Commonto

3.1 Interferencea

3.1.1 Gao regulatora are denned by the manufacturer uoing Frecn
113, which io one of the target compoundo. Before using ultra
high purity (U!U>) Nitrogen (Nj), Hydrocarbon (HC) free air,
Internal Standard (I.S.), or a target compound atandard mix,
each regulator ehojld be purged a minimum of three timeo with
the appropriate gas.

3.1.2 Contamination may occur in the campling oyotem if canisterc
are not properly cleaned prior to uae. Canisters used to
collect uource oampi.ea should not be used for the collection
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of ambient air samples until a blank analyois indicatea that no target
compoundo are preoent above the MHL. All other uampling equipment including
pumps, flow controllers and filteru must be thoroughly cleaned to ensure that
the filling apparatus will not contaminate camples.

3.2 Helpful Hintu

None

4. Safety laauea

4.1 In order to prevent contamination of the lab air by the camples, the
vent lino nuiot be connected •{•£> the system outlet and the fume hood
inuuL be on.

4.2 While making standardo, t^o fume hood niuut be running. When finished
valveo muu'c be cloned am! .lineo vented.

4.3 All compresoed gao cylinders muot be oecurely faotoned to a bench or
wall.

4.4 Normal precautiono should be used in Uhe handling of liquid nitrogen
{LNj ) (do not touch tranofer lines as burno can reoult).

•1.5 Sampling caniotero should never be preauurized over 40 paig.

5. Sample Collection, Preservation, "ontainero and Holding Timeo

5.1 Sampleo ohould be collected in precleaned and batch analyzed SUMMA
paosivated caniotero. A 7 n.icron filter ohould be placed on the
inlet of the can to protect the valve from particulatea. Caniotera
should never be prcoourizod over 40 pnig.

5.2 The abaoluto pressure of ".lie canioter rnuat be recorded before and
after sample collection.

5.3 Samples muot bo kept at <25°C.

5.4 Sampleo should be analyzed within 14 dayo of collection.

6. Apparatuo and Materials

6.1 Cao chromatograph — ciipablc of subambient temperature programming for
the oven and with the jot ticparator option (Ili-wlett 1'ackard 5090).

6.2 Maao-oelectIve dotector - t^quippcd with computer and appropriate
software (Hewlett Packard I.970U with HP-1000 RTE-A data system).
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6.3 Cryogenic trap with temperature control aaoembly (Nutech 8533).
See Figure 1.

6.4 Electronic maso flow controller - for maintaining constant cample
flow (Unit InotrumentD)

6.5 Chromatographic grade otainleuu oteol tubing and otainleao oteel
plumbing fittingo.

6.6 Chromatographic column - O1J-624 0.53 ID, 30 meter length (JGW
Scientific).

6.7 Stainleno otee) vaouii!n/prear»ire gauge capable of measuring from 30"
of mercury (Hn) to 10 pnig. (Span 1 notrumenta)

6.8 High precision vacuum gaun<J - for making daily standards. (Wallace
Tiernan Pennwalt)

6.9 Prcooure regulators} for carrier gaa and standards - 2 otago,
stainless oteel diagram.

6.10 SUMMA paaoivated caniotero 6 L (Scientific Instrumentation
Speclaliato)

6.11 7 micron filters (Nupro), or equivalent.

Reagents and Standardo

7.1 4-bromofluorobenzene, 50 ngymL in methanol (for tuning of mass
npectrometer).

7.2 High purity helium for carrier gaa.

7.3 Standards at a nominal coocentration of 1 ppmv (CGi ia not ao stable
and so the concentration Lo 'J ppmv). Standardo are prepared in a
balance gao of nitrogen n.id are analytically certified by tho
supplier (Scott-Marrin nnl Scott Specialty). To facilitate
certification by vendor, :he standards were divided into 5 cylinders.
(See Tables 2-7.)

7.4 Internal standard mix of brcmochloromethane, 1,4-difluorobenrene,
and chlorobenzcme-d5 at lOCiO ug/ml each in methanol (Supclco).
(See Table 6.)
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FIGURE 1. Nutech 1523 Flow Diagram
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TABLE 2. Cylinder No. CC72069

Component

Chlorome thane
Dromomethane
Chloroothane
Dichloromet liana
trano-1, 2-Dichloroothylene
Trichloroethane
1 , 2-Dichloroethane
1,1, 1-Trichloroe thane
Totrnchl ornmol-.linno
1 , 2-Dichloropropane
ciB-1 , 3-Dichloropropci:e
trana-1 , 3-dichloropi:ô ..'.:ne

Concentration (v/v)

Tetrachloroethylene
Ethylbenzcne
p-Xylenn
Styrene
1,1,2, 2-Tetrachloroethane
nromodichlorome thane
Trichloroet;hene
Acetonitrile
Nitrogen

0
1
0
1
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
0
1

.90

.00

.96

.00

.00

.07

.10

.99

.01

.00

.03'

.20

.13

.14

.20

.20

.25

.24

.00

.82

.00

+
7
+
7
+
7
7
7
7
+
7
7
•r
7
7
7
+
7
7
7
7

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

05
05
05
05
05
05
05
05
05
05
05
06
05
05
OG
06
06
06
05
05
05

ppm
ppm
ppin
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

Balance

TABLE 3. Standard Cylinder No. CC72058

Component Concentration (v/v)

Carbon Diaulfide
Nitrogen

4.06 + 0.1 pnm
Balance
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TABLE 4. Standard Cylinder No. CC72063

Component Concentration (v/v)

Vinyl Chloride
1,1-Dichloroethene
1,1-DichloroGthanc
2-nutanone
cio-1,2-Dichloroetlirine
Dcnzene
4-Methyl-2-pentanono
1,1,2-Trichloroethane
Toluene
2-Hexanone
Chlorobenzeno
m-Xylene
o-Xylene
1,2-Dichlorobenzene
Acetone
1,4-Dichlorobenzene
Nitrogen

1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1

.00

.00

.06

.02

.07

.07

.09

.06

.00

.10

.00

.11'

.12

.25

.99

.04

+
T
T
T
T
T
T
+
T
7
T
7
T
+
7
7

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

Balance

TABLE 5. Standard Cylinder No. CC12390

Component

Freon-12
Freon-114
Freon-11
Kreon-113
n-IIoxano
1,2-Dibromoethane
4-Ethyltoluene
1,3,5-Trimethylbenzeno
1, 2,4-Trimethylben::ene
Nitrogen

Concentration (v/v)

1.015 + 0.05 ppm
'.05 ppm
.05 ppm
.05 ppm
.05 ppm
.05 ppm
.05 ppm
.05 ppm
.05 ppm

0.95
0.94
0.99
1.02

0.09
0.95

0
0
0

_ 0
0.99 + 0

± °
± °

0.92 + 0+^
Balance

TABLE 6. Internal Standard Liquid Mix

Component Concentration (ug/ml)

Bromochloromethane
1,4-Difluorobenzene
Chlorobenzene-dS

1000
1000
1000
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TABLE 7. Standard Cylinder No. ALM 002636

Component Concentration (v/v)

Benzyl chloride 0.737 ppm
1.3-Dichlorobenrene 0.768 ppm
1.4-Dioxane 0.095 ppm
Hexachloro-1,3-butadiene 0.004 ppm
Bromoform 0.84 ppm
1,2,4-Trichlorobenzene 0.898 ppm
Vinyl acetate 0.038 ppm
Nitrogen

8. Procedure

8.1 Sample Preparation

0.1.1 The prcoaure of the oample caniater io checked and recorded by
attaching a vacuuiv/oressure gauge to the top valve of the
canister (the gaug«2 should be rinoed for few seconds with HC
free air by phyoically holding against the air outlet and
flushing). The caniotor valve ia opened briefly and the
presoure is recorded. If the preeoure ia leoo than 10 poig,
prooourize the caniotor to 10 poig with IIC free air.

8.1.2 If the canister pressure is increased, a dilution factor (D?)
ia calculated and recorded.

y.
DF =

X.
Where: X. = absolute canister pressure absolute before dilution

Y. = absolute caniuter pressure absolute after dilution

8.2 Daily GC/MS Tuning

0.2.1 At the beginning o: each day or prior to a calibration, the
CC/HS oystem muot be tuned to verify that acceptable
performance criteria are achieved. If any of the key ior.a
fail the abundance criteria listed in Table 0, the oyoterr, T..
be retuned uoing '•••tiromofluorobenzene (UFB).
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0.2.2 For daily tuning, thtr relays on the Nutech controller
(see Figure 1) should be in the right hand position, with
the cryo trap at 150°C (alternatively valves 2 and 6 could
ho placed in the loft, hand pooition with the auxiliary He
flow aet at 10 ml/.nLri or greater). The GC program is
initiated by uaing the Datac command in file manager (FMGR)
The GC program ie named "GCDFD1." This downloado the
program from the data system to the GC. Once the oven hao
stabilized, the remote atart lig-ht will turn on and the
system is ready for injection.

1 uL of a 50 ng/uL .J-bromofluorobenzeno (DFD) standard ia
injected into injection port 2 of the Nutech 0533 and the
remote start button is activated.

TABLE 8. 4-Bromofluorobenzane Key lona and Ion Abundance Criteria

Maaa Ion Abundance Criteria

50
75
95
96
173
17-1
175
176
177

15 to 40* of mass 95
30 ti. 60% of mass 95
Base Peak, 100% Relative Abundance
5 to 9% of mass 95
<2% o! mass 174
>50% of mass 96
5 to 9't of maoa 174
>95% but <101% of mass 174
5 to 9% of mass 176

0.2.3 Once the tuning run i.s complete (~ 0 minutes), review a scan
clooe to the center of the Dl'11 poalc. If it looko cloae to
passing, type in the command TRF, TUNVOA, data file. Thia
will start a program that will find a ocan that will paaa the
tuning and print out the required information automatically.
If the BFD tuning criteria cannot be met on 2-3 injections,
retunlng the instrument with PFT07V may be required.
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TABLE 9. BFD Tuning Method

Enter the name of the method file: COQFD1

M E T H O D F I L E L I S T

Method file: CCDFD1

Temperature: Inj.P
90.0

CC/DIP

Temp 1
Time 1
Rate
Temp 2
Time 2

30.0
1.0
35.0
100.0
15.0

Oven equilibration Time

Run time: 6.00
Scan Start time: 2.50
Splitleas valve time: .00

Relay II:
Relay 12:
Triac 10:
Triac II:

Scan Parameters:

GC type: 5890
Column: Cap

Intfc
250.0

LEVEL A

100.0
15.0
0.0
0.0
0.0

.10 mln

ON

327.0
327.0
327.0
327.0

LEVEL

0.0
0.0
0.0
0.0
0.0

OFF

327.0
327.0
327.0
327.0

Run type: SCAN, GC, El
Splitless: Yes

Source
0.0

POST RUN

0.0
0.0

OH

327.0
327.0
327.0
327.0

Mass Range 35 to 2GO
Multiplier voltage: 22-M Number of A/D samples:
CC Peak threshold: 20000 counts
Threshold: 100 counts

OF?

327.0
327.0
327.0
327.0
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TABLE 10. Analytical Method

Enter the name of the method file: CCTO14

M E T H O D F I L E L I

Method file: GCT014

Temperature: Inj.P
90.0

GC/DIP

Temp 1
Time 1
Rate
Temp 2
Time 2

-50.0
2.0
70.0
-20.0
0.0

Oven equilibration Time

Run time: 32.10
Scan Start time: .10
Splltleaa valve time: 0.00

CC typia: 5090
Column: Cap

Intfc
::50.0

LEVEL A

-20.0
0.0
5.0

127.0
20.0

.10 in in

Relay fit
Relay 12:
Triac JO:
Triac II:

Scan Parametero;

ON

327.0
327.0
327.0
327.0

LEVEL D

127.0
20.0
0.0
0.0
0.0

OFF

327.0
327.0
327.0
327.0

Run type: SCAN, GC, El
Splitleoa: Yes

Source
0.0

POST RUN

0.0
0.0

ON

327.0
327.0
327.0
327.0

0??

327.0
327.0
327.0
327.0

Maao Range 35 to 260
Multiplier voltage: 2244 Number of A/D samples:
GC Peak threshold: 20000 counts
Threshold: 10 counto

8.3 Calibration

0.3.1 A static dilution of the etock standard gas mixtures is made
in a 6 liter canistier. The high precision vacuum gauge ia
flushed with IIC fr<;e air and attached to the top valve of a
clean, evacuated canioter. After recording tho absolute
pressure, 2 psi of each of the 5 standard mixtures is added to
the caniater (each regulator and the transfer line must be
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flushed several times before transfer of standard to the
canister). Close the canister valves and replace the high
precision gauge with a vacuum/pressure gauge. Pressurize the
can with I1C free air to 30 puig. This will yield a standard
with a nominal concentration of 44 ppbv for most compounds
(see Table 11).

8.3.2 An initial 5 point curve is run in the linear working
range of the system. The nominal concentration of the
5 standards will ba 1Q ppbv, 67 ppbv, 90 ppbv, 224 ppbv
and 207 ppbv.

0.3.3 On a daily basis, a one point rnidrange standard (500 ml of
44 ppbv) is run to verify the g point curve. 90% of the f~:^
target compounds niunt be within 30'i of the 5 point curve,
or a new § point nuijt. be run. The daily, one point check
standard is used tD calculate the concentration of the
camples.

8.3.4 After the calibration runs and the QA/QC sample runs, an HC
free air blank is rvm. Thia must be < the KDL for each target
compound.

0.4 Analysis

0.4.1 The daily chuck standard and tho QA/QC samples are. analyzed
the same as samples. The 1IC free air blank is a system blank
and differs only in that it is not transferred to a canister,
but run directly from the cylinder regulator to the sample
inlet system.

C.4.2 The sample canister is connected to the sample inlet system.
The Nutecli controller should have valves 2 and 6 in the left
hand position, while valvea 1 and 3-5 should be in the right
hand position. The auxiliary lie flow should be set at 40 rr.l/
minute. The canister valve is opened and the pressurized
sample is allowed to flow through the mass flow controller
(set at 50 ml/min) and out the vent line.

0.4.3 The cryogenic trap it cooled to ita lower set point of -17C°C.
When the cryo trap reaches -170°C, the Nutech valve 12 io
switched to the right hand position and a timer iu started.
After 10 minutea (500 niL) valve 12 io switched back to tho
left hand position. Thus 500 ml of blank, standard or sample
ia concentrated on the cryo trap.
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0.4.4 The valve on the carr.yle canister is closed and the remaining line
pressure in allowed to drop to ambient. The 3-way valve is then
switched to the internal standard canister and the I.S. canister
valve is opened and allowed to flush for at least 2 minutes. (1'r.&
internal standard is made by injecting 20 ul of the liquid mix int<
an evacuated canister and pressurizing to 30 psi(44.6 psia). Valve
is then switched to the right hand position and a timer is started
After 2 minutes, Valve 2 is switched back to the left hand positio.
Thus 100 ml of 200 ppbv nominal internal standard mix is injected •
the cryotrap with each blank, standard or sample.

0.4.5 The CC io cooled to its' initial oet point of -50°C by using
Datac in file manager. The name of the GC program is
"CCTOl'l." This takes about 2.5 minutes. During this time
valveo 2 and 6 remain in the left hand position, allowing He
to sweep the trap and remove moot oxygen, nitrogen and other
permanent gaoeo.

Q.4.6 When the CC has reached equilibrium the red remote start light
will turn on. Switch valve 16 to the right hand pooition.
Wait at leaut 10 seconds to allow flow through the trap to
equilibrate. The blue "cool" button on the Nutech controller
and remote start button should bo prosoed eimultaneouoly.
This will heat the cryo trap to 150°C and otart the GC
program.

9. Data Interpretation

9.1 Qualitative Analyses

9.1.1 An analyte (e.g., thooe lioted in Table 1) io identified
by comparioon of the sample maso opectrum with the maao
spectrum of a standard of the suspected compound (standard
reference spectrum). Mass spectra for standard reference
should be obtained on the user's GC/MS within the same
12 hours as the sample analysis. These standard reference
spectra may be obtained through analysis of the calibration
standards. Two criteria must be satisfied to verify
identification. (1) elution of sample component at the
same CC relative ratention time (RRT) as thooe of the
standard component; and (2) correspondence of the sample
component and the standard component maoo spectrum.



STANDARD
OPERATING
PROCEDURE

Page 15 of _22_
The Determination of Volatile Organica (VOCs)

in Ambient Air by GC/H3 - Scan Mode

SOP NO: Revision No.: 2.0 Effective Date;
CRL-LM-7001 March 1, 1990

9.1.1.1 The sample component RRT must compare within
+ 0.06 RRT unitp of the RRT of tho standard
component. For reference, the otandard must be
run within the oame 12 houro ao the oample. If
coelution of interfering components prohibits
accurate assignment of the sample component RRT
from t'ne total ion chromatograrn, the RRT should
be aoolgned by uoing extracted ion current
profil'jo for iono unique to the component of
intereut.

9.1.1.2 (1) All iona present in the standard mass
upectra at a relative intensity greater than
10% (moat, abundant ion in the opectrum equals
100%) mu£it be present in the sample spectrum.
(2) The relative intensities of Iono
specified in (1) rnuot agree within plus or
minus 20% between the standard and sample
spectra. (Example: For an ion with an
abundance of 50% in the standard spectra,
the correapondin sample abundance must be
must be between 30 and 70 percent.

9.1.2 For camples containing components not associated with
the calibration standardo, a library search may be
made for the purpose of tentative identification. The
necessity to perforn this type of identification will
be determined by the type of analyses being conducted.
Guidelines for making tentative identification are:

(1) Relative intenoitieo of major iono in tho reference
opectrum (ions >10% of tho moot abundant ion) ohould be
present in the oample opectrum.

(2) The relative intoneitieo of the major iona should
agree within + 201. (Example: For an ion with an
abundance of 50% in the standard spectrum, the
corresponding sample ion abundance muot be between 30
and

(3) Molecular ionn present in the reference opectrum
should be present j.n the sample spectrum.
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(4) Ions present in the oample opectrum but not in
the reference spectrum should be reviewed for poaolble
background contamination or preoence of coeluting
compounds.

(5) lono present Ln the reference spectrum but not in
the oample upectrum ehould be reviewed for possible
subtraction from the sample opectrum because of back-
ground contamination or coeluting peaka. Data syotem
library reduction programs can sometimes create these
discrepanciea.

Computer generated library search routines should not
use normalization routinea that wouldi misrepresent the
library or unknown spectra when compared to each other.
Only after visual comparison of sample with the nearest
library searches will the mass spectral interpretation
opecialiot aooign n tentative identification.

9.2 Quantitative Analyslo:

When a compound has been identified, the quantification of
that compound will be baaed on the integrated abundance from
the EICP of tho primary charateriutic ion. Quantification
will take place using the internal standard technique.
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10. QA/QC Requirements

10.1 The mass spectrometer must meet the tuning criteria described in
Section 0.2.

10.2 After tuning, a single point check standard muot be analyzed. Ninety
percent of the target compound concentrations must be within i 30* of

L.-V4' the Hirge point calibration curve. If the check standard fails to
« meet tliio criterion, a nev turrets' point calibration curve must bo run.

***
10.3 A laboratory control sample (LCS) must be analyzed after the check

standard. This sample will consist of the target VOCs prepared in a
separate canister at a concentration that differs from that of the
check otandard. Five compounds will be need to nooeoo control for
the LCS: methylene chloride, 1,1-dichloroethene, trichloroethene,
toluene and 1,1,2,2-tetrachloroethane. The percent recovery for the
five control compounds muat: be within a window of 00-115%.

10.4 For each lot of 20 samplcu analyzed, a duplicate control sample (DCS)
must be analyzed after th3 LCS. The DCS uample is Identical to the
LCS in composition and eoarce. The 00-115% recovery criterion muat
be met. In addition, the relative percent difference (RPD) for the
LCS and DCS must be < 20\.

10.5 A system blank of IIC free air must be analyzed after the LCS or DCS.
The blank reoulto must indicate that there are no target compounds
present above the MDL.

10.6 if any of the above crito; l.a are not mot, corrective actiono must be
implemented before analyses can proceed.

11. Calculations

11.1 The HP data system automat ic.ul ly quant itateo the sample results base
on a 500 mL sample size. The results are in ppbv. If the canister
was pressurized before analysis, the results must be multiplied by
the dilution factor DF (see Section 8.1.2).

11.2 If a sample size other than 500 mL was used, the result must be
adjusted as shown below:

reault ppbv x sample volume injected
500 mL
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12. Reporting

12.1 Reporting units are ppbv. If results arc to be reported in ng/L
use the following equation:

result ppbv x Molecular weight of compound _ pg/L
21.5

Note: 24.5 is the standard volume of ideal gas at 25 degrees
Centigrade and 1 atm.

12.2 Reporting limits
See Table 12

12.3 Significant figureo
12.3.1 All results should bo reported to two significant figures.
12.3.2 Only report results below detection limit as ND(DL).

12.4 No conversion of the analytical results to the standard
conditionu is made.

13. References

13.1 Method Source

"EPA Compendium Method TO-14. The Determination of Volatile Organic
Compounds (VOCs) in Ambient Air using SUMHA Passivated Canister
Sampling and Gau Chromatoc,'-aphic Analysis."

13.2 Deviations from Method

13.2.1 Dry HC free air is used for the daily blank and for
dilution purposes.

13.2.2 TO-14 recommends the use of a .32 mm column coupled direr-.'./
to the MSD. With the IIP system, the MSD can only handle ill-
of 1 mL/min or less. The .32 mm column provides ~ 3 mL/~ir..
Enseco uses a .53 mm column through a jet separator.

13.2.3 TO-14 describes an inlet system that uses a vacuum to pull a
slip stream sample through the trap. Enseco uses tho pretsourt:
of the sample caninter to drive the sample through the trap.
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TABLE 11. Concentration of Daily Check Standard

Concentration
Compound (ppbv)

2) Dichlorodifluoromethane (Freon 12) 45.42
3) Chloromethane 43.04
4) 1,2-Dichloro-l,1,2,2-

tetrafluoroethane (Freon 114) 42.50
5) Vinyl chloride 44.74
6) Bromoethane 44.74
7) Chloroethane 42.96
8) Trichlorofluoromethane (11) 42.06
9) ciB-l,2-Dichloroethene 47.08
10) Carbon diaulfide 217.44
11) 1,1,2-Trichloro- 1,2,2-

trifluoroethane (Freon 113) 44.30
12) Acetone 44.30
14) Methylene chloride 48.32
15) trane-l,2-Dichloroethene 48.32
16) llexane 45.64
17) 1,1-Dichloroethane 47.42
18) Vinyl Acetate 37.50
19) 1,1-Dichloroethene 48.32
20) 2-Butanone 45.64
21) Chloroform 47.82
22) 1,1,1-Trichloroethane 44.30
23) Carbon tetrachloride 45.20
24) Benzene 47.02
25) 1,2-Dichloroethane 49.22
26) Trichlorootheno 36.60
27) 1,2-Dichloropropane 48.32
28) 1,4-Dioxane 40.04
29) Bromodichloromethane 48.32
30) cia-1,3-Dichloropropene 46.08
31) 4-Hethyl-2-pentanone 48.76
32) Toluene 48.32
33) trane-1,3-Dichloropropene 53.70
34) 1,1,2-Trichloroethane 53.70
35) Tetrachloroethene 51.00
36) 2-Hexanone 52.00
37) Dibromochloromethane 50.56
38) 1,2-Dibromoethane 44.30
39) Chlorobenzene 48.32
40) Ethylbenzene 53.70
41) 1,4-and l,3-(p,m) Xylene 103.36
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TABLE 11. Concentration of Dally Check Standard

Concentration
Compound (ppbv)

42) l,2-(ortho) Xylene 50.12
43) Styrene 55.92
44) Dromoform 37.50
45) 1,1,2,2-Tetrachloroethane 55.40
46) Benzyl chloride 32.98
47) 4-Ethyltoluene 39.02
48) 1,3,5-Trimethylbenzene 42.50
49) 1,2,4-Trimethylbenzone 41.16
50) 1,3-Dichlorobenrene 34.36
51) 1,4-Dichlorobenzene ' 46.54
52) 1,2-Dichlorobenzene 55.92
53) 1,2,4-Trichlorobenzene 40.18
54) Hexachlorobutadiene 35.90
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Table 12. VOC Reporting Limito

Reporting Limito
Compound (ppbv)

2) Dichlorodlf luoroinethane (Kreon 12) 2.0
3) Chloromothano '2 . 5
4) 1,2-Dichloro-l,1,2,2-

tetrafluoroethano (Froon 11^1) 2.0
5) Vinyl chloride 2.5
6) Dromoethano 3.0
7) Chloroothano 'j. 0
U) Trichlorot ' luoroniQthane (11) l .O
9) cio-1,2-IHch]orotil :hGiuj • 1'. 0

10) Carbon d iau l f ide 10
11) 1,1,2-Trichloro- 1,2,2-

trif luoroothano {b'reon 113) 2.0
12) Acetone 10
14) Hothylene chloride /:. G
15) trana-l,2-Dichloroethene 0.0
16) llexano 0.0
17) 1,1-Dichloroethane '1. li
10) Vinyl Acetate 2.5
19) 1, 1-Dichloroethcne 1'. 0
20) 2-Hutanono 3.1)
21) Chloroform 2 .1)
22) 1, 1,1-Trichloroethano L'. 0
23) Carbon tetrachloride 2.0
21) Jlenzono
25) 1, 2-nichloroel:haiuj
26) Tricl i loroothonu 2 .S
2 7 ) 1,2-Dlchloropropano n . O
20) 1,1-Dioxano 7 .0
20) BromodichloromeUiane 2 .0
30) cia-1,3-Dichloropropenc 3.0
31) 4-Methyl-2-pentanOMii 3 ..0
32) Toluene 3.0
33) trana-1,3-Dichloropropene 3.0
34) 1,1,2-Trichloroethanc 3.0
35) Totrachloroethene 3.0
36) 2-Ilexanono G.O
37) Dibromochloromothano J.O
30) 1,2-Dibromoethiina 2.0
39) Chlorobenzene 2.'j
40) Ethylbenzene 2.5
41) 1,4-and l,3-(p,m) Xylono 5.0
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Table 12, VOC noportlng Llmita

noportinrj Limito

40
40
50
51
52
53

Compound

42) l,2-(ortho) Xylono 2.0
43) Styrono '/ . U
44) Mromoform 2.0
45) 1, 1,2 , 2-Totrachloroothano 4.0
46) Uonzyl clilorlde 2.U
47) 4-Ethyltolueno 4.0

1 3 , 5-Trlinetliylbeiizene 2.5
2,4-TrImothylbonzone • D.U
3-Dichlorobon^uno 3.0
4-Dichlorobonzonu 4.0
2-Uichlorobonzeno 5.0
2,4-Trichlorobci»7.Qi»o 7.0

54) llexachlorobutadlono 5.n
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CLAY MINERALOGY BY X-RAY DIFFRACTION (CORE)



4.2.2 X-ray Diffraction Standard Operating Procedures

INTRODUCTION

Parameter to be measured
The parameter to be measured in an X-ray diffraction analysis is
accurate mineral content of a selected sample in weight percent.

Range of measurement
Core Laboratories uses a Philips Electronic Instruments Model 3600
Automated Powder Dif fractometer. The sample holder of a Philips
goniometer is connected to a center shaft, called the "Theta Shaft"
and rotates at a prescribed rate which is propelled by a computer-
controlled stepper motor. Each angular increment is described as
theta angle increment. The detector arm is coupled to the theta
shaft in a 2 to 1 fashion. All measurements of a sample are
expressed as "two-theta" measurements. The Philips goniometer has
a working distance of 2 degrees two-theta to 140 degrees two-theta.

The scope of phases measured includes those that are crystalline
or quasi-crystalline (certain clay minerals) . Amorphous materials
cannot be directly measured by X-ray diffraction. ;Two basic groups
of phases, or minerals, are considered, namely rock-forming
minerals (quartz, feldspars, carbonates, sulfides, etc.) and
phyllosilicates (clay minerals) . The diffraction peaks of these
minerals are measured and stored for later analysis.
Certain procedures are available for detection and semi-
quantitative analysis of amorphous phases; however, they are
currently not implemented by Core Laboratories. X-ray diffraction
techniques cannot supply any qualitative information about
amorphous phases unless elemental data is supplied or prior
knowledge of the phase leaves no doubt to its chemical composition.

Limit of Detection
The limit of detection of X-ray diffraction of a normally prepared
sample is 1 weight percent of the fraction analyzed. Various
methods for concentrating certain target groups of minerals are
implemented by Core Laboratories, as necessary. Also, certain
conditions within the diffractograms (overlaps of two phases'
diffraction peaks) may raise the detection limit of a phase.
Accuracy of the diffraction analysis is + 5 weight percent.

Principle v Scope, and Application
X-ray diffraction analysis is a method used for determining the
mineral content of a substance. Most materials consist of tiny
crystals which are ma<?e of ordered arrays of atoms arranged in a
periodic or repetitive way. When an incident X-ray beam impinges
upon such an array, general scattering occurs, such that the
scattered waves interfere with and destroy one another. In certain
specific directions, however, the scattered waves are in phase with
one another and combine to form new wave-fronts. This constructive
interference is know as diffraction. The direction in which
diffraction occurs depend upon the size and shape of the unit cell
of the crystal, whereas the intensity of diffraction is determined

CORE
LABORATORIES
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by the actual atomic array or the nature of the crystal structure.
The condition for reflection of X-rays from a parallel arrangement
of atoms within a crystal is called the Bragg Angle. Bragg's Law,

n 1 = 2dsin 0,

where, n is the order of reflection, lambda is the wavelength of
incident X-rays, d is the interplanar spacing between rows of atoms
and theta is the angle of the incident X-rays. This is the basic
principle behind X-ray diffraction. This principle applies to
crystalline materials and does not apply on amorphous substances
(glass, certain organics, certain clays, etc.). For a more
detailed discussion, please refer to Cullity (1967).

Each crystalline substance, or phase, has a unique set of integral
peaks that are like individual fingerprints of humans. For each
diffractogram, these peaks are measured in the angular expression
of two-theta space, identified and indexed for future reference.
A very large database (> 100,000) of phases has been compiled by
the Joint Committee of Powder Diffraction Standards (JCPDS) and is
available in book form and magnetic media for computer-aided search
and match algorithms and for comparison to the indexed pattern for
identification of phases in the diffractogram. The intensity of
a diffraction peak of a phase is indirectly proportional to the
concentration of the phase. There are a number of phenomenon that
need to be considered when doing a quantitative analysis on
multiphase substances. Please refer Klug and L. E. Alexander for
more detail on this matter.

SAMPLE PREP AND ANALYSIS

8*"»ple Requirements
Sample supplied for X-ray diffraction must be a representative
portion of the sample. Approximately 10 grams are required for a
routine analysis. No preservation is necessary other than insuring
the sample was maintained at ambient conditions after coring.

Preparation
Sample selected for X-ray diffraction analysis is dried and cleaned
of obvious contaminants. For hydrocarbon removal, the sample is
placed in a low temperature, methylene chloride soxhlet for 24
hours. The sample is gently ground in a ceramic mortar and pestle
and split into two equal portions using a riffle splitter. One
split is saved for later milling for a bulk analysis pellet. This
procedure is described later. The remaining split is tested for
halides (silver nitrate test) . If needed, the sample is placed in
a low-temperature methanol soxhlet for up to 72 hours, or until
sample is leached of all halides. The sample is weighed and placed
in 150 milliliters of deionized water treated with 1 volume percent
Calgon water softener and treated with a sonic cell disrupter for
5 minutes. This procedure breaks the clay from host grains and
breaks down lithic fragments containing clay. The Calgon is added
to aid in clay dispersion. The resultant slurry is placed in a



centrifuge in order to fractionate the sample at 2 microns. The
suspended < 2 micron fraction is decanted and saved, and the > 2
micron fraction is washed and c«ntrifuged again to remove any < 2
micron particles. The remaining < 2 micron particles are added to
the saved < 2 micron portion. The > 2 micron fraction is dried and
weighed to determine the percent of clay- and silt-sized material.
This weight is used to determine the net clay of the sample. The
suspended < 2 micron fraction is suctioned onto a pure silver
substrate with an average pore diameter of 1.2 microns. The
resulting aggregate of sample and substrate is dried and mounted
on a glass slide. The > 2 micron fraction and the previously saved
split of sample are milled in a McCrone micronizing mill with low-
water isopropanol and then packed into sample holders for analysis.
The > 2 micron fraction and the bulk split are scanned from 2 to
60 degrees two-theta at 1 degree per minute. The < 2 micron sample
mount is run first in the natural (air-dried) state and then
treated with ethylene glycol vapor for 24 hours and run again.
Both clay runs are from 2 to 40 degrees at 1 degree per minute.

Apparatus
The sample is analyzed with a Philips APD 3600 X-ray diffractometer
at a slow rate (1 degree/minute) using a copper tube ( wavelength
CuK alpha1 = 1.54051 angstroms) with 35 kilovolt potential and 35
milliamp current. Scintillator voltage is 800 volts and time
constant is l. A Data General Nova 4X is used to the collect and
store data while a Data General Eclipse S/140 is used for data
reduction.

Analytical Measurements
The diffractograms for each run are first inspected for any data
collection anomalies and the samples are scanned again if
necessary. The bulk split is analyzed for any water-soluble
minerals. The bulk split is also compared to the > 2 micron sample
for consistency, clays, et cetera. If any inconsistencies are
identified, the sample may be rerun. If any water-soluble minerals
are detected, they are quantified and added to the total mineral
analysis.

Minerals in the >2 micron powder mount and clay mount are
identified by comparison of the diffractograms to standards, either
prepared and run on Philips diffractometer or standards from the
Joint Committee on Powder Diffraction Standards. A computer
algorithm is available for complex pattern or for rare mineral
phases which matches the unknown pattern to those of the JCPDS for
accurate phase identification. Most of the clay mineral standards
are patterns that were run on the Philips dif fractometer. Certair.
clay minerals called "mixed-layer clays" are found in many
sediments. Occasionally, it is not possible to collect standards
for every mixed-layer clay that could be anticipated in a giver.
basin. Therefore, Core Laboratories uses a computer algorithr
developed by Reynolds that calculates a pattern of mixed-layer cl* .
based on unit cell and chemical formulae restrictions. T--
resulting calculated pattern intensities are analyzed with -
profile-fitting algorithm and then intensity relationships ^



established. Compositions and species of the clay minerals are
determined according to procedures outlined by Reynolds (1980,
1985), Grim (1962), Wilson (1987), Srodon (1980, 1984), Carroll
(1970).

The integrated areas of the most intense reflection for each phase
are obtained using a multiple Lorentzian profile-fitting algorithm
(Schreiner and Jenkins, 1983) which is part of an analytical
software package provided with the Philips diffractometer. Some
modifications were made by Core Laboratories to the source code of
the profile-fitting algorithm to make it more efficient. The
integrated areas are corrected for various absorption and
orientation phenomena with structure factors obtained from previous
calibrations of each phase using a modified Chung method (1974a,
b, and c) . The corrected integrated areas are normalized to 100
percent. Any clay minerals trapped in the > 2 micron fraction are
quantified and mathematically added to the clay category. Any
rock-forming minerals trapped in the < 2 fraction are also
mathematically removed and added to the rock-forming mineral
category. The integrated area for each phase is entered into a
spreadsheet that calculates the weight percent data. The results
are then tabulated and sorted according to depth or any relevant
sample identification.

Interferences and corrective actions
Particle size plays an important part of the diffraction intensity.
Too small a particle size produces a small and broad diffraction
peak, and in extreme cases, the peak of phase with too small a
particle size can no longer diffract X-rays and completely
disappear due to extensive lattice damage. Too large a particle
size produces primary extinction effects and also can lead to
preferred orientation. A completely random ordering of
crystallites in a powder mount is most preferred because preferred
cleavage planes are often the most intense diffraction planes which
could lead to overestimation of the orienting phase. Conversely,
clay minerals are often oriented by using a suction or settling
method because they are not as efficient as diffracting X-rays
along what are called their "hkl" planes. Clay minerals are
typically flat, platey crystals with the edge surfaces being the
hkl planes of the clay mineral crystallites. Basal planes of clay
minerals are aligned with the long axis of the crystallite,
consequently when the clay crystallite is aligned along the long
axis, it diffracts much more efficiently due to an ideal
arrangement of atoms along the basal or "OO1" plane and integrals.

Salts are a problem with respect to water separating the sample to
< 2 and > 2 microns because as the halite goes into solution it
provides a nucleating site for the strongly negatively charged clay
particles. As the clays nucleate, or flocculate, onto cations in
solution, the clays tend to fall out of suspension immediately,
thus ruining the gravimetric portion of the experiment. That :E
why the salts are removed with methanol if their presence : s
detected. It does not take very much salt to ruin the procedu.--.



Hydrocarbons are also a problem with respect to preparation of
samples because they tend to cause the sand to ball up and float
on the surface. Consequently, if detected or suspected, the
soluble hydrocarbons are removed with methylene chloride. Any
insoluble hydrocarbons remain behind but cause no major sample prep
problems.

A large source of error in diffraction is the overlap of two or
more peaks at the same or proximal two-theta positions. This is
minimized by performing profile-fitting (not deconvolution) of
overlapped areas of the diffractograms. One particularly notorious
overlap is that between two clay minerals, kaolinite and chlorite.
If these two minerals (one occurring at 24.9 and 25.2 degrees two
theta, respectively) were quantified by peak intensity only, errors
as high as 100% may occur.

The silver substrate below the deposited clay minerals often is
detected in a diffractogram as elemental silver. This is due to
the finite thickness of the clay on the silver substrate. If not
accounted for, errors will be generated by comparing intensities
from low two theta angles to intensities from high two theta
angles. The error occurs due to the path distance differential of
the incident X-ray beam. At low two-thetas, the path distance will
be much larger due to the larger incident angle, consequently
giving a much larger intensity of a diffraction peak than that of
a diffraction peak from a higher two-theta. At higher two-thetas,
the path distance is much shorted due to the higher incident angle.
This must be corrected by applying the formula

I,-nf - Ithir/[l-exp(-2ut/sin 0)]

that corrects all two-theta position intensities to those of an
infinitely thick mount. By measuring the intensity of the silver
peak on the unknown sample versus that of an external standard of
pure silver, the exact thickness of the sample substrate can be
calculated and all intensities can be converted to that of
infinitely thick "powder mount".

Poor alignment of the X-ray diffractometer can also lead to serious
errors and is remedied by frequently observing the most intense
peak (1O1 - hkl index) of alpha quartz which occurs at
approximately 26.66 degrees two theta and making adjustments to
goniometer position as needed. Any time a diffractometer is moved,
it is necessary to do a "ground up" alignment.

Calibration
Calibration of the rock-forming minerals was accomplished by
running a series of external standard mineral phases, tested for
purity and known for their abundance of source, against alpha
quartz as a flushing agent (Chung, 1974). Ten mixtures of each
phase with quartz, in graduated amounts from 0 to 100 percent, were
analyzed and the ratio of observed versus actual concentrations
were plotted. A non-weighted, least-squares regression analysis
was performed on each data set to evaluate the best fit line



through the data. The slope and y-intercept of each phase were
used to calculate a normalized intensity correction coefficient for
each standard. This correction coefficient is free of matrix
absorption effects and is also free of orientation effects since
the standards and the unknowns are prepared in the same fashion.
The clay minerals were calibrated in a similar fashion with the
exception of chlorite (CCa-1, ripidolite) replacing quartz. This
was repeated for each phase. Up to 70 minerals have now been
calibrated.

As requested, the following will be provided

a) Case narrative as outlined.

b) Summary of initial calibration as detailed above. This
calibration is performed only once until a major change
is effected.

c) Summary of sample analysis as outlined.

d) QC analyses are not routinely performed. Can be effected
upon request.

e) Diffractograms will be provided.

f) Instrument logbook will be provided as requested.

Safety Precautions
Core Laboratories is fully licenced facility registered with the
Texas Department of Health for operating radiation generating
devices. A site survey was performed in August, 1990 by Henken
Industries for site leakage of X-rays and were deemed operating at
a safe (minimal) exposure level. All employees wear both deep and
shallow dose radiation detection devices that are monitored on a
monthly basis. All employees are sufficiently trained in the safe
operation of the X-ray dif fractometer and appropriate warnings and
advisements are posted in proximity to the machine and at all doors
entering into the laboratory.

Our laboratory staff practice all safety procedures for handling
hazardous materials and wear all accoutrements necessary for safe
laboratory operation.

Preventative Maintenance
No preventative maintenance is required for the X-ray
diffractometer other than checking cooling water levels in the heat
exchanger and checking the overall appearance and insuring that all
safety interlocks are functioning properly.

Quality Control
Besides data quality checks by the X-ray analyst, quality control
as a strict regimen is not observed; however numerous cross checks
are performed when thin section or FTIR analyses are performed.



Any discrepancies observed are promptly investigated and, if
necessary, samples are re-analyzed to check results.
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Designation: D 221 6 - 80

Standard Method for
LABORATORY DETERMINATION OF WATER (MOISTURE)
CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE
MIXTURES1

This standard is issued under the fixed designation D 2216; the number immediately following the designation indicates th«
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope
1.1 This method covers the laboratory deter-

mination of the water (moisture) content of
soil, rock, and soil-aggregate mixtures by
weight. For simplicity, the word "material"
hereinafter refers to either soil, rock, or soil-
aggregate mixtures, whichever is most applica-
ble.

1.2 The water content of a material is de-\
fined as the ratio, expressed as a percentage, of
the mass of "pore" or "free" water in a given
mass of material to the mass of the solid ma-
terial particles.

1.3 This method does not give true repre-
sentative results for: materials containing sig-
nificant amounts of halloysite, montmorillon-
ite, or gypsum minerals; highly organic soils;
or, materials in which the pore water contains
dissolved solids (such as salt in the case of
marine deposits). For a material of the previ-
ously mentioned types, a modified method of
testing or data calculation may be established
to give results consistent with the purpose of
the test.

2. Summary of Method
2.1 The practical application in determining

the water content of a material is to determine
the mass of water removed by drying the moist
material (test specimen) to a constant mass in
a drying oven controlled at 110 ± 5°C and to
use this value as the mass of water in the test
specimen. The mass of material remaining after
oven-drying is used as the mass of the solid
particles.

3. Significance and Use
3.1 For many soil types, the water content is

one of the most significant index properties
used in establishing a correlation between soil
behavior and an index property.

3.2 The water content of a soil is used in
almost every equation expressing the phase
relationships of air, water, and solids in a given
volume of material.

3.3 In fine-grained (cohesive) soils, the con-
sistency of a given soil type depends on its
water content. The water content of a soil,
along with its liquid and plastic limit, is used to
express its relative consistency or liquidity in-
dex.

3.4 The term "water" as used in geotechnical
engineering, is typically assumed to be "pore"
or "free" water and not that which is hydrated
to the mineral surfaces. Therefore, the water
content of materials containing significant.
amounts of hydrated water at in-situ tempera-
tures or less than 110°C can be misleading.

3.5 The term "solid particles" as used in
geotechnical engineering, is typically assumed
to mean naturally occurring mineral panicles
that are not readily soluble in water. Therefore,
the water content of materials containing extra-
neous matter (such as cement, etc), water-sol-
uble matter (such as salt) and highly organic

1 This method a under the jurisdiction of ASTM Com-
mittee D-13 on Soil and Rock and is the direct responsibility
of Subcommittee D18.03 on Texture, Plasticity and Density
Characteristics of Soils.

Current edition approved May 30. 1980. Published Ju ly
1980. Originally published as D 2216-63 T. Last previous
edition D 2216-71.



matter typically require special treatment or a
qualified definition of water content.

4. Apparatus
4.1 Drying Oven, thermostatically-con-

trolled, preferably of the forced-draft type, and
maintaining a uniform temperature of 110 ±
5°C throughout the drying chamber.

4.2 Balances, having a precision (repeatabil-
ity) of ±0.01 g for specimens having a mass of
200 g or less, ±0.1 g for specimens having a
mass of between 200 and 1000 g, or ± 1 g for
specimens having a mass greater than 1000 g.

4.3 Specimen Containers—Suitable con-
tainers made of material resistant to corrosion
and a change in mass upon repeated heating,
cooling, and cleaning. Containers with close-
fitting lids shall be used for testing specimens
having a mass of less than about 200 g; while
for specimens having a mass greater than about
200 g, containers without lids may be used
(Note 1). One container is needed for each
water content determination.

NOTE 1—The purpose of close-fitting lids is to
prevent loss of moisture from specimens before initial
weighing and to prevent absorption of moisture from
the atmosphere following drying and before final
weighing.

4.4 Desiccator—A desiccator of suitable size
(a convenient size is 200 to 250-mm diameter)
containing a hydrous silica gel. This equipment
is only recommended for use when containers
having close-fitting lids are not used. See 7.4.1.

5. Samples
5.1 Keep the samples that are stored prior to

testing in noncorrodible airtight containers at
a temperature between approximately 3 and
30°C and in an area that prevents direct contact
with sunlight.

5.2 The water content determination should
be done as soon as practicable after sampling,
especially if potentially corrodible containers
(such as steel thin-walled tubes, paint cans, etc.)
or sample bags are used.

6. Test Specimen
6.1 For water contents being determined In

conjunction with another ASTM method, the
method of specimen selection specified in that
method controls.

6.2 The manner in which the test specimen
is selected and its required mass is basically
dependent on the purpose (application) of the
test, type of material being tested, and the type
of sample (specimen from another test, bag,
tube, split-barrel, etc.). In all cases, however, a
representative portion of the total sample shall
be selected. If a layered soil or more than one
soil type is encountered, select an average por-
tion or individual portions or both, and note
which portion(s) was tested in the report of the
results.

6.2.1 For bulk-samples, select the test speci-
men from the material after it has been thor-
oughly mixed. The mass of moist material se-
lected shall be in accordance with the following
table:

Recommended Minimum
Sieve Retaining More Than Mass of Moist Specimen.

About 10% of Sample g
2.0 mm (No. 10) sieve 100 to 200
4.75 mm (No. 4) sieve 300 to 500
19 mm 500 to 1000
38mm 1500 to 3000
76 mm 5000 to 10 000

6.2.2 For small (jar) samples, select a repre-
sentative portion in accordance with the follow-
ing procedure:

6.2.2.1 For cohesionless soils, thoroughly
mix the material, then select a test specimen
having a mass of moist material in accordance
with the table in 6.2.1. See Note 2.

6.2.2.2 For cohesive soils, remove about 3
mm of material from the exposed periphery of
the sample and slice it In half (to check if the
material is layered) prior to selecting the test
specimen. If the soil is layered see 6.2. The
mass of moist material selected should not be
less than 25 g or should be in accordance with
the table in 6.2.1 if coarse-grained parades are
noted. (Note 2).

6.3 Using a test specimen smaller than the
minimum mass indicated previously requires
discretion, though it may be adequate for the
purpose of the test. A specimen having a mass
less than the previously indicated value shall
be noted in the report of the results.

NOTE 2—In many cases, when working with a
small sample containing a relatively large coarse-
grained panicle, it is appropriate not to include this

article in the test specimen. If this occurs, it should
e noted in the report of the results.
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7. Procedure
7.1 Select representative test specimens in

accordance with Section 6.
7.2 Place the moist specimen in a clean, dry

container of known mass (Note 3), set the lid
securely in position, and determine the mass of
the container and moist material using an ap-
propriate balance (4.2). Record these values.

7.3 Remove the lid and place the container
with moist material in a drying oven main-
tained at 110 ± 5°C and dry to a constant mass
(Notes 4, 5, and 6).

NOTE 3—To assist in the oven-drying of large test
specimens, they should be placed in containers hav-
ing a large surface area (such as pans) and the
material broken up into smaller aggregations.

NOTE 4-The time required to obtain constant
mass will vary depending on the type of material,
size of specimen, oven type and capacity, and other
factors. The influence of these factors generally can
be established by good judgment, and experience
with the materials being tested and the apparatus
being used. In most cases, drying a test specimen over
night (about 16 h) is sufficient. In cases where there
is doubt concerning the adequacy of drying, drying
should be continued until the mass after two succes-
sive periods (greater than Vi h) of drying indicate an
insignificant change (less than about 0.1 %). Speci-
mens of sand may often be dried to constant mass in
a period of about 4 h, when a forced-draft oven is
used.

NOTE 5—Oven-drying at 110 ± 5°C does not
always result in water content values related to the
intended use or the basic definition especially for
materials containing gypsum or other minerals hav-
ing significant amounts of hydrated water or for soil
containing a significant amount of organic material.
In many cases, and depending on the intended use
for these types of materials, it might be more appli-
cable to maintain the drying oven at 60 ± 5°C or use
a vacuum desiccator at a vacuum of approximately
133 Pa (10 mm Hg) and at a temperature ranging
between 23 and 60°C for drying. If either of these
drying' methods are used, it should be noted in the
report of the results.

NOTE 6—Since some dry materials may absorb
moisture from moist specimens, dried specimens
should be removed before placing moist specimens
in the oven. However, this requirement is not appli-
cable if the previously dried specimens will remain
in the drying oven for an additional time period of
about 16 h.

7.4 After the material has dried to constant
mass remove the container from the oven and
replace the lid. Allow the material and con-
tainer to cool to room temperature or until the
container can be handled comfortably with

bare hands and the operation of the ba lance
will not be affected by convection currer.'.s.
Determine the mass of the container and even-
dried material using the same balance as used
in 7.2. Record this value.

7.4.1 If the container does not have a l id.
weigh the container and material right after
their temperatures are such that the operation
of the balance will not be affected by convec-
tion currents or after cooling in a desiccator.

NOTE 7 — Cooling in a desiccator is recommended
since it prevents absorption of moisture from the
atmosphere during cooling.

8. Calculation
8.1 Calculate the water content of the ma-

terial as follows:

- Wt)l(Wt - Wjj\ x 100 = - x 100

where:
w = water content, %,
W\ = mass of container and moist specimen,

g-
W-i = mass of container and oven-dried spec-

imen, g,
We = mass of container, g,
Wy, = mass of water, g, and
W% = mass of solid particles, g.

9. Report
9.1 The report (data sheet) shall include the

following:
9.1.1 Identification of the sample (material)

being tested, by boring number, sample num-
ber, test number, etc.

9.1.2 Water content of the specimen to the
nearest 0.1 % or 1 %, depending on the purpose
of the test.

9.1.3 Indication of test specimen having a
mass less than the minimum indicated in Sec-
tion 6.

9.1.4 Indication of test specimen containing
more than one soil type (layered, etc).

9.1.5 Indication of the method of drying if
different from oven-drying at 110 ± 5°C.

9.1.6 Indication of any material (size and
amount) excluded from the test specimen.



& D2216

10. Precision and Accuracy curacy of this test method have not yet been
10.1 Requirements for the precision and ac- developed.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any lime by the responsible technical committee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, 1916 Race St.. Philadelphia, Pa. 19103.
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Designation: D 4318 - 84

Standard Test Method for
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF
SOILS1

This standard is issued under the fixed designation D 43 1 8; the number immediately following the designaiion indicates the vcar of
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last r e a p p r o v a l .
A superscript epsilon (t) indicates an editorial change since the last revision or reapproval.
This test method has been approved for use hy agencies of the Department of Defense and for listing in the DoD Index
and Standards.

I . Scope
I. I This test method covers the determination

of the liquid limit, plastic limit, and the plasticity
index of soils as defined in Section 3.

I. I. I Two procedures for preparing test spec-
imens and two procedures for performing the
liquid limit are provided as follows:

A Multipoint test using a wet preparation
procedure, described in Sections 10.1, II,
and 12.

B Multipoint test using a dry preparation
procedure, described in Sections 10.2, 11,
and 12.

C One-point test using a wet preparation pro-
cedure, described in Sections 13, 14, and
15.

D One-point test using a dry preparation pro-
cedure, described in Sections 13, 14, and
15.

The procedure to be used shall be specified by
the requesting authority. If no procedure is spec-
ified, Procedure A shall be used.

NOTE 1—Prior to the adoption of this test method,
a curved grooving tool was specified as part of the
apparatus for performing the liquid limit test. The
curved tool is not considered to be as accurate as the
flat tool described in 6.2 since it does not control the
depth of the soil in the liquid limit cup. However, there
are some data which indicate that typically the liquid
limit is slightly increased when the flat tool is used
instead of the curved tool.

1.1.2 The plastic limit test procedure is de-
scribed in Sections 16, 17, and 18. The plastic
limit test is performed on material prepared for
the liquid limit test. In effect, there are two
procedures for preparing test specimens for the
plastic l imit test.

1.1.3 The procedure for calculating the plas-
ticity index is given in Section 19.

1.2 The liquid limit and plastic l imi t of soils
(along with the shrinkage limit) are often collec-
tively referred to as the Attcrberg limits in rec-
ognition of their formation by Swedish soil sci-
entist, A. Atterberg. These limits distinguish the
boundaries of the several consistency states of
plastic soils.

1.3 As used in this test method, soil is any
natural aggregation of mineral or organic mate-
rials, mixtures of such materials, or artificial mix -
tures of aggregates and natural mineral and or-
ganic particles.

1.4 The multipoint liquid l imi t procedure is
somewhat more time consuming than the cr.e-
point procedure when both are performed b>
experienced operators. However, the one-pc;-.;
procedure requires the operator to judge •<>.-..'-
the test specimen is approximately at its i-_ :
limit. In cases where this is not done rel iab;; . '.-;
multipoint procedure is as fast as the one-po:;".
procedure and provides additional precision c--,-
to the information obtained from add:::c-.j:
trials. It is particularly recommended tha1. '.h.'
multipoint procedure be used by inexper!er.;-j_
operators.

1.5 The correlations on which the calcu!a:.cr.i
of the one-point procedure are based may r.:: :,•
valid for certain soils, such as organic sc:!s c:

'This test method is under the jurisdiction of ASTS! C:~
mittee D-18 on Soil and Rock and is the direct responsible:. c:"
Subcommittee D18.03 on Texture. Plasticity and Densi tv Cha r -
acteristics of Soils.

Current edition approved Oct. 26,1984. Published De-::~.t<r
1984. Originally published as D 4313 -83. Last previous t: : :-
D4318-831 ' .
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soils from a marine environment. The liquid
l imi t of these soils should therefore be deter-
mined by the multipoint procedure (Procedure
A).

1.6 The liquid and plastic limits of many soils
that have been allowed to dry before testing may
be considerably different from values obtained
on undried samples. If the liquid and plastic
limits of soils are used to correlate or estimate
the engineering behavior of soils in their natural
moist state, samples should not be permitted to
dry before testing unless data on dried samples
are specifically desired.

1.7 The composition and concentration of
soluble salts in a soil affect the values of the
liquid and plastic limits as well as the water
content values of soils (see Method D2216).
Special consideration should therefore be given
to soils from a marine environment or other
sources where high soluble salt concentrations
may be present. The degree to which the salts
present in these soils are diluted or concentrated
must be given consideration if meaningful results
are to be obtained.

1.8 Since the tests described herein are per-
formed only on that portion of a soil which passes
the 425-u.m (No. 40) sieve, the relative contri-
bution of this portion of the soil to the properties
of the sample as a whole must be considered
when using these tests to evaluate the properties
of a soil.

1.9 The values stated in acceptable metric
units are to be regarded as the standard. The
values given in parentheses are for information
only.

1.10 This standard may involve hazardous
materials, operations, and equipment. This
standard does not purport to address all of the
safety problems associated with its use. It is the
responsibility of whoever uses this standard to
consult and establish appropriate safety and
health practices and determine the applicability
of regulatory limitations prior to use.

2. Applicable Documents
2.1 ASTMStandards:
C 702 Methods for Reducing Field Samples of

Aggregate to Testing Size2

D 75 Practice for Sampling Aggregates3

D 420 Recommended Practice for Investigat-
ing and Sampling Soil and Rock for Engi-
neering Purposes4

D653 Terms and Symbols Rela t ing to Soii
and Rock4

D 1241 Specification for Materials for Soil-
Aggregate Subbase, Base, and S u r f a c e
Courses4

D 2216 Method for Laboratory Determinat ion
of Water (Moisture) Content of Soil, Rock.
and Soil-Aggregate Mixtures4

D 2240 Test Method for Rubber Property—
Durometer Hardness5

D 2487 Test Method for Classification of Soils
for Engineering Purposes4

D 2488 Practice for Description and Ident i f i -
cation of Soils (Visual-Manual Procedure)"

D 3282 Practice for Classification of Soils and
Soil-Aggregate Mixtures for Highway Con-
struction Purposes4

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes6

E 319 Methods of Testing Single-Arm Bal-
ances6

E 898 Method of Testing Top-Loading, Di-
rect-Reading Laboratory Scales and Bal-
ances6

3. Definitions
3.1 Atterberg limits—originally, seven " l imi t s

of consistency" of fine-grained soils were defined
by Albert Atterberg. In current engineering usage,
the term usually refers only to the l iquid l i m i t .
plastic limit, and in some references, the shrink-
age limit.

3.2 consistency—the relative ease with which
a soil can be deformed.

3.3 liquid limit (LL)—the water content. :r.
percent, of a soil at the arbitrarily defined b o u n d -
ary between the liquid and plastic states. Tr,:;
water content is .defined as the water content a:
which a pat of soil placed in a standard cup and
cut by a groove of standard dimensions will flo1-
together at the base of the groove for a distance
of 13 mm ('/: in.) when subjected to 25 shocks
from the cup being dropped 10 mm in a standard
liquid limit apparatus operated at a rate cf I
shocks per second.

* Annual Book ofASTM Standards, Vol 04.02.
3 Annual Book of ASTM Standards, Vols CM.02, 04.03. a.-.:

04.08.
4 Annual Book of ASTM Standards, Vol 04.08.
5 Annual Book of ASTM Standards, Vol 09.0!.
' Annual Book of'ASTM Standards, Vol 14.02.
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NOTE 2—The undra ined shear strength of soil at the
liquid lirr.il is considered to be 2 ±0.2 kPa (0.28 psi).

3.4 plastic limit (PL)—the water content, in
percent, of a soil at the boundary between the
plastic and brittle states. The water content at
this boundary is the water content at which a soil
can no longer be deformed by rolling into 3.2
mm C/s in.) in diameter threads without crum-
bling.

3.5 plastic soil—a soil which has a range of
water content over which it exhibits plasticity
and which will retain its shape on drying.

3.6 plasticity index (PI)—the range of water
content over which a soil behaves plastically.
Numerically, it is the difference between the liq-
uid limit and the plastic limit.

3.7 liquidity index—the ratio, expressed as a
percentage, of (/) the natural water content of a
soil minus its plastic limit, to (2) its plasticity
index.

3.8 activity number (A)—the ratio of (7) the
plasticity index of a soil to (2) the percent by
weight of particles having an equivalent diameter
smaller than 0.002 mm.

4. Summary of Method
4.1 The sample is processed to remove any

material retained on a 425-um (No. 40) sieve.
The liquid limit is determined by performing
trials in which a portion of the sample is spread
in a brass cup, divided in two by a grooving tool,
and then allowed to flow together from the
shocks caused by repeatedly dropping the cup in
a standard mechanical device. The multipoint
liquid limit, Procedures A and B, requires three
or more trials over a range of water contents to
be performed and the data from the trials plotted
or calculated to make a relationship from which
the liquid limit is determined. The one-point
liquid limit, Procedures C and D, uses the data
from two trials at one water content multiplied
by a correction factor to determine the liquid
limit.

4.2 The plastic limit is determined by alter-
nately pressing together and rolling into a 3.2
mm (Vs in.) diameter thread a small portion of
plastic soil until its water content is reduced to a
point at which the thread crumbles and is no
longer able to be pressed together and rerolled.
The water content of the soil at this stage is
reported as the plastic limit.

4.3 The plasticity index is ca lcu la ted as the
difference between the l iquid l i m i t and the pias:::
l imit .

5. Significance and Use
5.1 This test method is used as an integral part

of several engineering classification systems to
characterize the fine-grained fractions of soils (see
Test Method D2487 and Practice D3282) and
to specify the fine-grained fraction of construc-
tion materials (see Specification D 1241). The
liquid limit, plastic limit, and plasticity index of
soils are also used extensively, either ind iv idua l ly
or together with other soil properties to correlate
with engineering behavior such as compressibil-
ity, permeability, compactibility, shrink-swell.
and shear strength.

5.2 The liquid and plastic limits of a soil can
be used with the natural water content of the soil
to express its relative consistency or liquidity
index and can be used with the percentage finer
than 2-u.m size to determine its activity number.

5.3 The one-point liquid l imit procedure is
frequently used for routine classification pur-
poses. When greater precision is required, as
when used for the acceptance of a material or for
correlation with other test data, the mul t ipo in t
procedure should be used.

5.4 These methods are sometimes used to
evaluate the weathering characteristics of clay-
shale materials. When subjected to repeated wet-
ting and drying cycles, the liquid limits of these
materials tend to increase. The amount of in-
crease is considered to be a measure of a shale's
susceptibility to weathering.

5.5 The liquid limit of a soil containing sub-
stantial amounts of organic matter decreases dra-
matically when the soil is oven-dried before test-
ing. Comparison of the liquid limit of a sample
before and after oven-drying can therefore be
used as a qualitative measure of organic matter
content of a soil.

6. Apparatus
6.1 Liquid Limit Device—A mechanical de-

vice consisting of a brass cup suspended from a
carriage designed to control its drop onto a hard
rubber base. A drawing showing the essential
features of the device and the critical dimensions
is given in Fig. 1. The design of the device may
vary provided that the essential functions are
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preserved. The device may be operated either by
a hand crank or by an electric motor.

6.1 .1 Base—The base shall be hard rubber
having a D Durometer hardness of 80 to 90, and
a resilience such that an 8-mm (Vi6-in.) diameter
polished steel ball, when dropped from a height
of 25 cm (9.84 in.) will have an average rebound
of at least 80 % but no more than 90 %. The tests
shall be conducted on the finished base with feet
attached.

6.1.2 Feet—The base shall be supported by
rubber feet designed to provide isolation of the
base from the work surface and having an A
Durometer hardness no greater than 60 as mea-
sured on the finished feet attached to the base.

6.1.3 Cup—The cup shall be brass and have a
weight, including cup hanger, of 185 to 215 g.

6.1.4 Cam—The cam shall raise the cup
smoothly and continuously to its maximum
height, over a distance of at least 180" of cam
rotation. The preferred cam motion is a uni-
formly accelerated lift curve. The design of the
cam and follower combination shall be such that
there is no upward or downward velocity of the
cup when the cam follower leaves the cam.

NOTE 3—The cam and follower design in Fig. 1 is
for uniformly accelerated (parabolic) motion after con-
tact and assures that the cup has no velocity at drop
ofT. Other cam designs also provide this feature and
may be used. However, if the cam-follower lift pattern
is not known, zero velocity at drop ofTcan be assured
by carefully f i l ing or machining the cam and follower
so that the cup height remains constant over the last 20
to 45' of cam rotation.

6.1.5 Carriage—The cup carriage shall be
constructed in a way that allows convenient but
secure adjustment of the height of drop of the
cup to 10 mm (0.394 in.). The cup hanger shall
be attached to the carriage by means of a pin
which allows removal of the cup and cup hanger
for cleaning and inspection.

6.1.6 Optional Motor Drive—As an alterna-
tive to the hand crank~shown in Fig. I, the device
may be equipped with a motor to turn the cam.
Such a,motor must turn the cam at 2 ±0.1
revolutions per second, and must be isolated
from the rest of the device by rubber mounts or
in some other way that prevents vibration from
the motor being transmitted to the rest of the
apparatus. It must be equipped with an ON-OFF
switch and a means of conveniently positioning
the cam for height of drop adjustments. The
results obtained using a motor-driven device

must not differ from those obtained using a
manually operated device.

6.2 Flai Grooving Tool—A grooving tool hav-
ing dimensions shown in Fig. 2. The tool shal l
be made of plastic or noncorroding metal. The
design of the tool may vary as long as the essential
dimensions are maintained. The tool may, but
need not, incorporate the gage for adjusting the
height of drop of the liquid l imit device.

6.3 Gage—A metal gage block for adjusting
the height of drop of the cup, having the dimen-
sions shown in Fig. 3. The design of the tool may
vary provided the gage will rest securely on the
base without being susceptible to rocking, and
the edge which contacts the cup during adjust-
ment is straight, at least 10 mm (Vn in.) wide, and
without bevel or radius.

6.4 Containers—Small corrosion-resistant
containers with snug-fitting lids for water content
specimens. Aluminum or stainless steel cans 2.5
cm (1 in.) high by 5 cm (2 in.) in diameter are
appropriate.

6.5 Ba/uncc—A balance readable to at least
0.01 g and having an accuracy of 0.03 g w i t h i n
three standard deviations wi th in the range of use.
Within any 15-g range, a difference between read-
ings shall be accurate within 0.01 g (Notes 4 and
5).

MOTH 4—Sec Methods E 898 and E 319 for an ex-
planation of terms relating to balance performance.

NOTK 5—For frequent use, a top-loading type bal-
ance with automatic load indication, readable to 0.0!
g. and having an index of precision (standard dev ia t ion )
of 0.003 or better is most suitable for this method.
However, nonautomatic indicating equal-arm anal;, ::-
cal balances and some small equal arm top pan balances
having readabilities and sensitivities of 0.002 g or better
provide the required accuracy when used with a weigh:
set of ASTM Class 4 (National Bureau of Standards
Class P) or better. Ordinary commercial and classroom
type balances such as beam balances are not suitable
for this method.

6.6 Storage Container—A container in which
to store the prepared soil specimen that wi l l net
contaminate the specimen in any way, and which
prevents moisture loss. A porcelain, glass, cr
plastic dish about 11.4 cm (41/: in.) in diameter
and a plastic bag large enough to enclose the d:sh
and be folded over is adequate.

6.7 Ground Glass Plate—A ground glass p la te
at least 30 cm (12 in.) square by I cm (V» i n . )
thick for mixing soil and rolling plastic lirr,;;
threads.

6.8 Spatula—A spatula or p i l l k n i f e h a v i n g a
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blade about 2 cm (>/i i n . ) wide by about 10 cm
(4 in.) long. In addi t ion, a spatula having a blade
about 2.5 cm (I i n . ) wide and 15 cm (6 in . ) long
has been found useful for in i t i a l mixing of sam-
ples.

6.9 Sieve—A 20.3 cm (8 in.) diameter, 425-
um (No. 40) sieve conforming to the require-
ments of Specification E 11 and having a rim at
least 5 cm (2 in.) above the mesh. A 2-mm (No.
10) sieve meeting the same requirements may
also be needed.

6.10 Wash Bottle, or similar container for
adding controlled amounts of water to soil and
washing fines from coarse particles.

6.11 Drying Oven—A thermostatically con-
trolled oven, preferably of the forced-draft type,
capable of continuously maintaining a tempera-
ture of 110 ±5'C throughout the drying chamber.
The oven shall be equipped with a thermometer
of suitable range and accuracy for monitoring
oven temperature.

6.12 Washing Pan—A round, flat-bottomed
pan at least 7.6 cm (3 in.) deep, slightly larger at
the bottom than a 20.3-cm (8-in.) diameter sieve.

6.13 Rod (optional)—A metal or plastic rod
or tube 3.2 mm ( ' /» in . ) in diameter and about 10
cm (4 in.) long for judging the size of plastic l imit
threads.

7. Materials
7.1 A supply of distilled or demineralized wa-

ter.

8. Sampling
8.1 Samples may be taken from any location

that satisfies testing needs. However, Methods
C702, and Practice D75, and Recommended
Practice D 420 should be used as guides for se-
lecting and preserving samples from various
types of sampling operations. Samples which will
be prepared using the wet preparation procedure,
10.1, must be kept at their natural water content
prior to preparation.

8.2 Where sampling operations have pre-
served the natural stratification of a sample, the
various strata must be kept separated and tests
performed on the particular stratum of interest
with as little contamination as possible from
other strata. Where a mixture of materials will
be used in construction, combine the various
components in such proportions that the result-
ant sample represents the actual construction
case.

8.3 Where data from t h i s lest method are to
be used for correlation with other laborr.or-. c:
field test data, use the same material as used for
these tests where possible.

8.4 Obtain a representative portion from the
total sample sufficient to provide 150 to 200 g cf
material passing the 425-um (No. 40) sieve. Free
flowing samples may be reduced by the methods
of quartering or splitting. Cohesive samples shall
be mixed thoroughly in a pan with a spatula, or
scoop and a representative portion scooped from
the total mass by making one or more sweeps
with a scoop through the mixed mass.

9. Calibration of Apparatus
9.1 Inspection of Wear:
9.1.1 Liquid Limit Device—Determine that

the liquid limit device is clean and in good work-
ing order. The following specific points should
be checked:

9.1.1.1 Wear of Base—The spot on the base
where the cup makes contact should be worn no
greater than 10 mm (3/« in.) in diameter. If the
wear spot is greater than this, the base can be
machined to remove the worn spot provided the
resurfacing does not make the base thinner than
specified in 6.1 and the other dimensional rela-
tionships are maintained.

9.1.1.2 Wear of Cup—The cup must be re-
placed when the grooving tool has worn a de-
pression in the cup 0.1 mm (0.004 in.) deep or
when the edge of the cup has been reduced to
half its original thickness. Verify that the cup is
firmly attached to the cup hanger.

9.1.1.3 Wear of Cup Hanger—Verify that the
cup hanger pivot does not bind and is not worn
to an extent that allows more than 3-mm 0/s-in.)
side-to-side movement of the lowest point on the
rim.

9.1.1.4 Wear of Cam—The cam shall not be
worn to an extent that the cup drops before the
cup hanger (cam follower) loses contact with the
cam.

9.1.2 Grooving Tools—Inspect grooving tools
for wear on a frequent and regular basis. The
rapidity of wear depends on the material from
which the tool is made and the types of soils
being tested. Sandy soils cause rapid wear of
grooving tools; therefore, when testing these ma-
terials, tools should be inspected more frequently
than for other soils. Any tool with a tip width
greater than 2.1 mm must not be used. The depth



of the tip of the grooving tool must be 7.9 to S.I
mm.

NOTE 6—The width of the tip of grooving tools is
conven i en t l y checked us ing a pocket-sized measuring
magnif ier equipped with a mi l l ime t re scale. Magnifiers
of this type are available from most laboratory supply
companies. The depth of the tip of grooving tools can
be checked using the depth measuring feature of vernier
calipers.

9.2 Adjustment of Height of Drop—Adjust the
height of drop of the cup so that the point on the
cup that comes in contact with the base rises to
a height of 10 ±0.2 mm. See Fig. 4 for proper
location of the gage relative to the cup during
adjustment.

NOTE 7—A convenient procedure for adjusting the
height of drop is as follows: place a piece of masking
tape across the outside bottom of the cup parallel with
the axis of the cup hanger pivot. The edge of the tape
away from the cup hanger should bisect the spot on the
cup that contacts the base. For new cups, placing a
piece of carbon paper on the base and allowing the cup
to drop several times will mark the contact spot. Attach
the cup to the device and turn the crank until the cup
is raised to its maximum height. Slide the height gage
under the cup from the front, and observe whether the
gage contacts the cup or the tape. See Fig. 4. If the tape
and cup are both contacted, the height of drop is
approximately correct. If not, adjust the cup u n t i l si-
multaneous contact is made. Check adjustment by
turning the crank at 2 revolutions per second while
holding the gage in position against the tape and cup.
If a ringing or clicking sound is heard without the cup
rising from the gage, the adjustment is correct. If no
ringing is heard or if the cup rises from the gage, readjust
the height of drop. If the cup rocks on the gage during
this checking operation, the cam follower pivot is ex-
cessively worn and the worn parts should be replaced.
Always remove tape after completion of adjustment
operation.

MULTIPOINT LIQUID LIMIT—PROCEDURES
A AND B

10. Preparation of Test Specimens
10.1 Wet Preparation—Except where the dry

method of specimen preparation is specified
(10.2), prepare specimens for test as described in
the follow-ing sections.

10 .1 .1 Samples Passing the 425-^.m (t\'o. 40j
Sieve—When by visual and m a n u a l procedures
it is determined that the sample has l i t t l e or no
material retained on a 425-um (No. 40) sieve,
prepare a specimen of 150 to 200 g by m i x i n g
thoroughly with dist i l led or demineral ized water
on the glass plate using the spatula. If desired,
soak soil in a storage dish w i t h small amoun ; of

ter to soften the soil before the start of m i x i n g .
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Adjust the water content of the soil to bring it to
a consistency that would require 25 to 35 blows
of the l iqu id l i m i t device to close the groove
(Note 8). If, during mix ing , a small percentage of
material is encountered that would be retained
on a 425-um (No. 40) sieve, remove these pani-
cles by hand, if possible. If it is imprac t ica l to
remove the coarser material by hand, remove
small percentages (less than about 1 5 % ) of
coarser material by working the specimen
through a 425-u.m (No. 40) sieve using a piece of
rubber sheeting, rubber stopper, or other conven-
ient device provided the operation does not dis-
tort the sieve or degrade material that would be
retained if the washing method described in
10.1.2 were used. If larger percentages of coarse
material are encountered during mixing, or it is
considered impractical to remove the coarser
material by the methods just described, wash the
sample as described in 10.1.2. When the coarse
particles found during mixing are concretions,
shells, or other fragile particles, do not crush these
particles to make them pass a 425-um (No. 40)
sieve, but remove by hand or by washing. Place
the mixed soil in the storage dish, cover to pre-
vent loss of moisture, and allow to stand for a;
least 16 h (overnight). After the standing period
and immediately before starting the test, thor-
oughly remix the soil.

NOTE 8—The time taken to adequately mix a soil
will vary greatly, depending on the plast ici ty and i n i t i a l
water content. I n i t i a l mixing times of more than 30 —
in may be needed for stiff, fat clays.

10.1.2 Samples Containing Material Retained
on a 425-\im (No. 40) Sieve:

10.1.2.1 Select a sufficient q u a n t i t y of soil a:
natura l water content to provide 150 to 200 g cf
material passing the 425-u.m (No. 40) sieve. Place
in a pan or dish and add suff icient water to cove--
the soil. Allow to soak un t i l all lumps have
softened and the fines no longer adhere to the
surfaces of the corase particles (Note 9).

NOTE 9—In some cases, the cations cf salts preser.i
in tap water will exchange wi th the na tu ra l caticr.s ;r.
the soil and significantly alter the test results should tar
water be used in the soaking and w a s h i n g operator.: .
Unless it is know^n that such cations are no; present :-.
the tap water, d is t i l led or deminera l i zed w a t e r sho-i j
be used. As a general rule, water con ta in ing rr.cre thar.
ICO mg/L of dissolved solids should not be used ;":-
w a s h i n g operations.

1 G . I . 2 . 2 When the sample c o n t a i n s a lar:;
percentage of material retained on the 425-.^~
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(No. 40) sieve, perform the fo l lowing washing
operat ion in increments , washing no more than
0.5 kg (I Ib) of material at one t ime. Place the
425-um (No. 40) sieve in the bottom of the clean
pan. Pour the soil water mixture onto the sieve.
If gravel or coarse sand particles are present, rinse
as many of these as possible with small quant i t ies
of water from a wash bottle, and discard. Alter-
natively, pour the soil water mixture over a 2-
mm (No. 10) sieve nested atop the 425-jim (No.
40) sieve, rinse the fine material through and
remove the 2-mm (No. 10) sieve. After washing
and removing as much of the coarser material as
possible, add sufficient water to the pan to bring
the level to about 13 mm ('/: in.) above the surface
of the 425-jam (No. 40) sieve. Agitate the slurry
by stirring with the fingers while raising and
lowering the sieve in the pan and swirling the
suspension so that fine material is washed from
the coarser panicles. Disaggregate fine soil lumps
that have npt slaked by gently rubbing them over
the sieve with the fingertips. Complete the wash-
ing operation by raising the sieve above the water
surface and rinsing the material retained with a
small amount of clean water. Discard material
retained on the 425-|am (No. 40) sieve.

10.1.2.3 Reduce the water content of the ma-
terial passing the 425-nm (No. 40) sieve until it
approaches the liquid limit. Reduction of water
content may be accomplished by one or a com-
bina t ion of the following methods: (a) exposing
the air currents at ordinary room temperature,
(b) exposing to warm air currents from a source
such as an electric hair dryer, (c) filtering in a
Buckner funnel or using filter candles, (d) de-
canting clear water from surface of suspension,
or (e) draining in a colander or plaster of paris
dish lined with high retentivity, high wet-strength
filler paper.7 If a plaster of paris dish is used, take
care that the dish never becomes sufficiently
saturated that it fails to actively absorb water into
its surface. Thoroughly dry dishes between uses.
During evaporation and cooling, stir the sample
often enough to prevent overdrying of the fringes
and soil pinnacles on the surface of the mixture.
For soil samples containing soluble salts, use a
method of water reduction such as a or b that
will not eliminate the soluble salts from the test
specimen.

10.1.2.4 Thoroughly mix the material passing
the 425-um (No. 40) sieve on the glass plate using
the spatula. Adjust the water content of the mix-
ture, if necessary, by adding small increments of

dist i l led or ce r r . i ne ra i i nec ••••ater or by aiio'. ' .ir.;
the m i x t u r e to dry a t room t e m p e r a t u r e w h i l e
mix ing on the glass pla te . The soil s h o u l d be a: a
w'ater con ten t tha t wil l result in closure of the
groove in 25 to 35 blows. Re tu rn the mixed sc: l
to the mix ing dish, cover to prevent loss of mois -
ture, and allow to stand for at least 16 h. Af te r
the s tanding period, and immediately before
starting the test, remix the soil thoroughly .

10.2 Dry Preparation:
10.2.1 Select suff icient soil to provide 150 to

200 g of material passing the 425-u.m (No. 40)
sieve after processing. Dry the sample at room
temperature or in an oven at a temperature not
exceeding 60°C unti l the soil clods will pulverize
readily. Disaggregation is expedited if the sample
is not allowed to completely dry. However, the
soil should have a dry appearance when pulver-
ized. Pulverize the sample in a mortar with a
rubber tipped pestal or in some other way that
does not cause breakdown of individual grains.
When the coarse particles found during pulveri-
zation are concretions, shells, or other fragile
particles, do not crush these particles to make
them pass a 425-jim (No. 40) sieve, but remove
by hand or other suitable means, such as washing.

10.2.2 Separate the sample on a 425-um (No.
40) sieve, shaking the sieve by hand to assure
thorough separation of the finer fraction. Return
the material retained on the 425-u.m (No. 40)
sieve to the pulverizing apparatus and repeat the
pulverizing and sieving operations as many times
as necessary to assure that all finer material has
been disaggregated and material retained on the
425-u.m (No. 40) sieve consists only of indiv idual
sand or gravel grains.

10.2.3 Place material remaining on the 425-
|im (No. 40) sieve after the final pulver iz ing
operations in a dish and soak in a small amour.:
of water. Stir the soil water mixture and pour
over the 425-u.m (No. 40) sieve, catching the
water and any suspended fines in the wash ing
pan. Pour this suspension into a dish con ta in ing
the dry soil previously sieved through the 425-
um (No. 40) sieve. Discard material retained or,
the 425-nm (No. 40) sieve.

10.2.4 Adjust the water content as necessary
by drying as described in 10.1.2.3 or by mixing
on the glass plate, using the spatula while add ing
increments of distilled or demineralized water,

7S and S 595 fil ter paper, available in 32-cm circles, has
proven satisfactory.
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u n t i l the soil is at a water content that will resul t
in closure of the groove in 25 to 35 blows.

10.2.5 Put soil in the storage dish, cover to
prevent loss of moisture and allow to stand for
at least 16 h. After the standing period, and
immediately before starting the test, thoroughly
remix the soil (Note 8).

11. Procedure
11.1 Place a portion of the prepared soil in

the cup of the liquid limit device at the point
where the cup rests on the base, squeeze it down,
and spread it into the cup to a depth of about 10
mm at its deepest point, tapering to form an
approximately horizontal surface. Take care to
eliminate air bubbles from the soil pat but form
the pat with as few strokes as possible. Heap the
unused soil on the glass plate and cover with the
inverted storage dish or a wet towel.

11.2 Form a groove in the soil pat by drawing
the tool, beveled edge forward, through the soil
on a line joining the highest point to the lowest
point on the rim of the cup. When cutting the
groove, hold the grooving tool against the surface
of the cup and draw in an arc, maintaining the
tool perpendicular to the surface of the cup
throughout its movement. See Fig. 5. In soils
where a groove cannot be made in one stroke
without tearing the soil, cut the groove with
several strokes of the grooving tool. Alternatively,
cut the groove to slightly less than required di-
mensions with a spatula and use the grooving
tool to bring the groove to final dimensions.
Exercise extreme care to prevent sliding the soil
pat relative to the surface of the cup.

11.3 Verify that no crumbs of soil are present
on the base or the underside of the cup. Lift and
drop the cup by turning the crank at a rate of 1.9
to 2.1 drops per second until the two halves of
the soil pat come in contact at the bottom of the
groove along a distance of 13 mm (Vj in.). See
Fig. 6.

NOTE 10—Use the end of the grooving tool, Fig. 2,
or a scale to verify that the groove has closed 13 mm
('/: in.).

11.4 Verify that an air bubble has not caused
premature closing of the groove by observing that
both sides of the groove have flowed together
with approximately the same shape. If a bubble
has caused premature closing of the groove, re-
form the soil in the cup, adding a small amount
of soil to make up for that lost in the grooving

operation and repeat 1 1 . 1 to 11 .3 . If the so;'.
slides on the surface of the cup, repeat 1 1 . 1
through ! 1.3 at a higher water content. If, a f t e r
several trials at successively higher water con-
tents, the soil pat continues to slide in the cup or
if the number of blows required to close the
groove is always less than 25, record that the
liquid limit could not be determined, and report
the soil as nonplastic without performing the
plastic limit test.

11.5 Record the number of drops, A', required
to close the groove. Remove a slice of soil ap-
proximately the width of the spatula, extending
from edge to edge of the soil cake at right angles
to the groove and including that portion of the
groove in which the soil flowed together, place in
a weighed container, and cover.

11.6 Return the soil remaining in the cup to
the glass plate. Wash and dry the cup and groov-
ing tool and reattach the cup to the carriage in
preparation for the next trial.

11.7 Remix the entire soil specimen on the
glass plate adding distilled water to increase the
water content of the soil and decrease the number
of blows required to close the groove. Repeat
1 1 . 1 through 11.6 for at least two additional trials
producing successively lower numbers of blows
to close the groove. One of the trials shall be for
a closure requiring 25 to 35 blows, one for closure
between 20 and 30 blows, and one trial for a
closure requiring 15 to 25 blows.

11.8 Determine the water content, WN, of the
soil specimen from each trial in accordance with
Method D2216. Make all weighings on the same
balance. Init ial weighings should be performed
immediately after completion of the test. If the
test is to be interrupted for more than about 15
min, the specimens already obtained should be
weighed at the time of the interruption.

12. Calculations
12.1 Plot the relationship between the water

content, WN, and the corresponding number of
drops, Ar, of the cup on a semilogarithmic graph
with the water content as ordinates on the ar i th-
metical scale, and the number of drops as abscis-
sas on the logarithmic scale. Draw the bes;
straight l ine through the three or more p lo t t ed
points.

12.2 Take the water content corresponding to
the intersection of the l ine wi th the 25-drop
abscissa as the l iquid l im i t of the soil. Computa-



t iona! methods may be subst i tu ted for the graph-
ical method for f i t t i n g a straight line to the data
and determining the l iquid limit.

ONE-POINT LIQUID LIMIT— PROCEDURES
C AND D

13. Preparation of Test Specimens
13.1 Prepare the specimen in the same man-

ner as described in Section 10, except that at
mixing, adjust the water content to a consistency
requiring 20 to 30 drops of the liquid l imit cup
to close the groove.

14. Procedure
14.1 Proceed as described in 11.1 through

1 1 .5 except that the number of blows required to
close the groove shall be 20 to 30. If less than 20
or more than 30 blows are required, adjust the
water content of the soil and repeat the proce-
dure.

14.2 Immediately after removing a water
content specimen as described in 11.5, reform
the soil in the cup, adding a small amount of
soil to make up for that lost in the grooving and
water content sampling operations. Repeat 1 1.2
through 1 1.5, and, if the second closing of the
groove requires the same number of drops or no
more than two drops difference, secure another
water content specimen. Otherwise, remix the
entire specimen and repeat.

NOTE 11 — Excessive drying or inadequate mixing
will cause the number of blows to vary.

14.3 Determine water contents of specimens
as described in 1 1.8.

15. Calculations
15 .1 Determine the liquid limit for each water

content specimen using one of the following
equations:

or

where:
/V = the number of blows causing closure of the

groove at water content,
H V = water content, and
A' = a factor given in Table 1.

The l iqu id l i m i t is the average of the two trial
liquid l imit values.

15.2 If the difference between the two trial

LL = »',_

l i q u i d l i m i t values is greater than one percentage
point , repeat the test.

PLASTIC LIMIT

16. Preparation of Test Specimen
16.1 Select a 20-g portion of soil from the

material prepared for the l iquid l i m i t test, e i ther
after the second mixing before the test, or from
the soil remaining after completion of the test.
Reduce the water content of the soil to a consist-
ency at which it can be rolled without sticking to
the hands by spreading and mixing cont inuously
on the glass plate. The drying process may be
accelerated by exposing the soil to the air current
from an electric fan, or by blotting with paper
that does not add any fiber to the soil, such as
hard surface paper toweling or high wet strength
filter paper.

17. Procedure
17.1 From the 20-g mass, select a portion of

1.5 to 2.0 g. Form the test specimen into an
ellipsoidal mass. Roll this mass between the palm
or fingers and the ground-glass plate with just
sufficient pressure to roll the mass into a thread
of uniform diameter throughout its length (Note
12). The thread shall be further deformed on
each stroke so that its diameter is continuously
reduced and its length extended until the diam-
eter reaches 3.2 ±0.5 mm (0.125 ±.020 in . ) ,
taking no more than 2 min (Note 13). The
amount of hand or finger pressure required will
vary greatly, according to the soil. Fragile soils of
low plasticity are best rolled under the outer edge
of the palm or at the base of the thumb.

NOTE 12—A normal rate of rolling for most sciis
should be 80 to 90 strokes per minute, counting a
stroke as one complete motion of the hand forward and
back to the starting position. This rate of rolling may
have to be decreased for very fragile soils.

NOTE 13—A 3.2-mm ('/i-in.) diameter rod or tube
is useful for frequent comparison with the soil thread
to ascertain when the thread has reached the proper
diameter, especially for inexperienced operators.

17.1.1 When the diameter of the thread be-
comes 3.2 mm, break the thread into several
pieces. Squeeze the pieces together, knead be-
tween the thumb and first finger of each hand,
reform into an ellipsoidal mass, and reroll. Con-
tinue this alternate rolling to a thread 3.2 mm in
diameter, gathering together, kneading and re-
rolling, until the thread crumbles under the pres-



sure required for rolling and the soil can no
longer be rolled into a 3.2-mm diameter thread
(See Fig. 7). It has no significance if the thread
breaks into threads of shorter length. Roll each
of these shorter threads to 3.2 mm in diameter.
The only requirement for continuing the test is
that they are able to be reformed into an ellip-
soidal mass and rolled out again. The operator
shall at no time attempt to produce failure at
exactly 3.2 mm diameter by allowing the thread
to reach 3.2 mm, then reducing the rate of rolling
or the hand pressure, or both, while continuing
the rolling without further deformation until the
thread falls apart. It is permissible, however, to
reduce the total amount of deformation for feebly
plastic soils by making the initial diameter of the
ellipsoidal mass nearer to the required 3.2-mm
final diameter. If crumbling occurs when the
thread has a diameter greater than 3.2 mm, this
shall be considered a satisfactory end point, pro-
vided the soil has been previously rolled into a
thread 3.2 mm in diameter. Crumbling of the
thread will manifest itself differently with the
various types of soil. Some soils fall apart in
numerous small aggregations of particles, others
may form an outside tubular layer that starts
splitting at both ends. The splitting progresses
toward the middle, and finally, the thread falls
apart in many small platy particles. Fat clay soils
require much pressure to deform the thread,
particularly as they approach the plastic limit.
With these soils, the thread breaks into a series
of barrel-shaped segments about 3.2 to 9.5 mm
(Vi to 3/s in.) in length.

17.2 Gather the portions of the crumbled
thread together and place in a weighed container.
Immediately cover the container.

17.3 Select another 1.5 to 2.0 g portion of soil
from the original 20-g specimen and repeat the
operations described in 17.1 and 17.2 until the
container has at least 6 g of soil.

17.4 Repeat 17.1 through 17.3 to make an-
other container holding at least 6 g of soil. De-
termine the water content, in percent, of the soil
contained in the containers in accordance with
Method D 2216. Make all weighings on the same
balance.

NOTE M—The in ten t of performing two plastic
l im i t trials is to verify the consistency of the test results.
It is acceptable practice to perform only one plastic
l i m i t trial when the consistency in the test results can
be confirmed by other means.

18. Calculations
18.1 Compute the average of the two water

contents. If the difference between the two water
contents is greater than two percentage points.
repeat the test. The plastic l i m i t is the average of
the two water contents.

PLASTICITY INDEX

19. Calculations
19.1 Calculate the plasticity index as follows:

PI" LL- PL
where:
LL = the liquid limit,
PL = the plastic limit.

Both LL and PL are whole numbers. If either
the liquid l imit or plastic l imi t could not be
determined, or if the plastic l imit is equal to or
greater than the liquid limit, report the soil as
nonplastic, NP.

20. Report
20.1 Report the following information:
20.1.1 Sample identifying information,
20.1.2 Any special specimen selection process

used, such as removal of sand lenses from undis-
turbed sample,

20.1.3 Report sample asairdried if the sample
was airdried before or during preparation,

20.1.4 Liquid l imit , plastic l imi t , and plastic-
ity index to the nearest whole number and omit-
t ing the percent designation. If the l iquid l i m i t or
plastic limit tests could not be performed, or if
the plastic l im i t is equal to or greater than the
l iquid l imit , report the soil as nonplastic, NP.

20.1.5 An estimate of the percentage of sam-
ple retained on the 425-u.m (No. 40) sieve, anc

20.1.6 Procedure by which l i qu id l i m i t was
performed, if it differs from the m u l t i p o i n t
method.

21. Precision and Bias
2 1 . 1 No interlaboratory testing program has

as ye: been conducted using this test method ::
dete rmine mul t i labora tory precision.

2 1 . 2 The w i t h i n laboratory precision of ;he
results of tests performed by different operaiors
at one laboratory on two soils us ing Procedure -.
for the l i q u i d l i m i t is shown in Table 2.



TABLE 1 Factors for Obtaining Liquid Limit from Water TABLE 2 W i t h i n Laboratory Precision for Liqu id L imi t
Content md Number of Drops Causing Closure of Groove

Avenge V a l u e , i,
.V K _________ ___________ Dsv-.a::cn, ;

(Number of Drops) (Factor for Liquid Limit)

20 0.974 Pi- 21.9
21 0.979 LL 21.9
22 0.9S5 •̂ °"' ̂ -'
23 0.990 PL -0.1 1 .2!
24 0.995 ____LL 32.6 0.93
25 1.000 —————————————————————————————
26 1.005
27 1.009
28 1.014
29 1.018
30 1.022



DIMENSIONS

MM
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MM
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N
24

8 *
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28
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27
±0.5
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24

E *
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F

32
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± 1.0
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10
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3.8
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16

W

13

J*
60

± 1.0
Z
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K*
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± 2.0

L*
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± 2.0

W A
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± 2.0

ESSENTIAL DIMENSIONS
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7 SPHERICAL
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TO SPECIF ICATION IN G. I . I
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FIG. I I lunil-Opcriilcd Liquid Limit Device
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DIMENSIONS

MM

LETTER
MM

2
± C.I
G
10

MINIMUM

II
±0.2
H

13

40
±0.5
J
60

6
± O.I
K *
10

±0.05

50
±0 .5
L*
60 DEG

± 1 DEG

2
±0.1 |
N |
20 ~" 1

ESSENTIAL DIMENSIONS

BACK AT LEAST 15 MM FROM TIP

NOTE : DIMENSION A SHOULD BE 1.9-2.0 AND DIMENSION D

SHOULD BE 8.0-8.1 WHEN NEW TO ALLOW FOR

ADEQUATE SERVICE LIFE

h- H—1

N G

FIG. 2 Grooving Tool (Optional Height-of-Drop Gage Attached)

———— 50 ——————— 10
±.05

• — i* ———

i

2

DIMENSIONS IN MILLIMETRES
FIG. 3 Height of Drop Gage
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POINT WHEfi£
CUP CONTACTS

HEIGHT

MASKING TAPE APPLIED AS AID
IN ADJUSTMENr OPEnAT/GN

K1C. 4 Calibration for Height of Drop

KIG. 5 Grooved Soil Put in Liquid Limit Device

/ O



FIG. 6 Soil Pat After Groove Has Closed



FIG. 7 Lean Clay Soil at the Plastic Limit

Tiie American Sin'ielyjur Testing and Materials lakes no position respecting the validity of any pal em ni;hi s asserted in ccm.v: i;- -n
ssnh any item mentioned in this standard. Users of this standard are e.spressly advised that determination ol the validity ol'ar.v -M ;i
puient rights, and the risk o/ inlriiif-emenl oj such nyln.s. are entirely their nwn responsihdi/y
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Designation: D 427 - 831'

Standard Test Method for
SHRINKAGE FACTORS OF SOILS1

This standard is issued under ihe fixed designation D 427; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (<) indicates an editorial change since the last revision or reapproval.

•' NOTE—Paragraph 6.3.1 was editorially added in April 1984.

1. Scope
1.1 This test method covers tests for obtaining

the data from which the following subgrade soil
constants may be calculated: shrinkage l imit ,
shrinkage ratio, volumetric shrinkage, linear
shrinkage, and specific gravity (approximate).

1.2 The values stated in inch-pound units are
to be regarded as the standard.

1.3 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
docs not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safely and health practices
and determine the applicability of regulatory limi-
tations prior to use. For specific precaution state-
ments, see 6.3.1.
2. Applicable Document

2.1 ASTM Standard:
D421 Practice for Dry Preparation of Soil

Samples for Particle-Size Analysis and De-
termination of Soil Constants2

3. Significance and Use
3.1 The shrinkage factors covered in this test

method can only be determined on basically fine-
grained (cohesive) soils which exhibit a dry
strength when oven dried.

3.2 The term "shrinkage limit", expressed as
a water content in percent, is typically assumed
to represent the amount of water required to fi l l
the voids of a given cohesive soil at its m i n i m u m
void ratio obtained by drying (usually oven).
Thus, the concept shrinkage limit can be used to
evaluate the shrinkage potential, or possibility of
development, or both, of cracks in earthworks
involving cohesive soils.

4. Apparatus
4.1 Evaporating Dish, porcelain, about 5:/: in.

(139.7 mm) in diameter.
4.2 Spatula, or pill knife having a blade about

3 in. (76.2 mm) in length and about 3/4 in (19.0
mm) in width.

4.3 Shrinkage Dish—A circular porcelain or
monel metal milk dish having a flat bottom and
being about 1% in. (44.4 mm) in diameter and
about '/2 in. (12.7 mm) in height.

4.4 Straightedge, steel, about 6 in. (150 mm)
in length.

4.5 Glass Cup, about 2'A in. (57.2 mm) in
diameter and about l'/t in. (31.8 mm) in height.
the top rim of which is ground smooth and is in
a plane essentially parallel with the bottom of the
cup.

4.6 Glass Plate, with three metal prongs for
immersing the soil pat in mercury, as shown in
Fig. I.

4.7 Graduate, glass, having a capacity of 25
mL and graduated to 0.2 mL.

4.8 Balance, sensitive to 0.1 g.
4.9 Mercury, sufficient to fi l l the glass cup to

overflowing.

5. Sampling
5.1 Take a sample weighing about 30 g from

the thoroughly mixed portion of the material
passing the No. 40 (425-u.m) sieve which has
been obtained in accordance with Practice D 42 I.

' This method is under the jurisdiction of ASTM Commit:;;
D-18 on Soil and Rock and is the direct responsibility of
Subcommittee D 18.03 on Texture, Plasticity, and Density
Chjractcristics of Soils.

Current edition approved Nov. 28. I9S3. Published J jnuary
1984. Originally issued as D427 - 35. Last previous ed i t ion
D427 -61 (1974).

2 Annual Book of ASTM Standards. Vol 04.08.



6. Procedure
6.1 Place the sample in the evaporating dish

and thoroughly mix with distilled water in an
amount sufficient to fi l l the soil voids completely
and to make the soil pasty enough to be readily
worked into the shrinkage dish without the inclu-
sion of air bubbles. The amount of water required
to furnish friable soils with the desired consist-
ency is equal to or slightly greater than the liquid
limit, and the amount necessary to furnish plastic
soils with the desired consistency may exceed the
liquid limit by as much as 10 %.

6.2 Coat the inside of the shrinkage dish with
a thin layer of petroleum jelly or some other
heavy grease to prevent the adhesion of the soil
to the dish. Place an amount of the-wetted soil
equal to about one third the volume of the dish
in the center of the dish, and cause the soil to
flow to the edges by taping the dish on a firm
surface cushioned by several layers of blotting
paper or similar material. Add an amount of soil
approximately equal to the first portion, and tap
the dish unt i l the soil is thoroughly compacted
and all included air has been brought to the
surface. Add more soil and continue the lapping
until the dish is completely filled and excess soil
stands out about its edge. Strike off the excess
soil with a straightedge, and wipe off all soil
adhering to the outside of the dish.

6.3 Weigh the dish immediately after it is
filled and struck off and record the mass as the
mass of dish and wet soil. Allow the soil pat to
dry in air until the color of the pat turns from
dark to light. Oven-dry the pat to constant mass
at 230 ±9°F (110 ±5"C), the mass being recorded
as the mass of dish and dry soil. Determine and
record the mass of the empty dish. Determine
the capacity of the dish in cubic centimetres,
which is also the volume of the wet soil pat, by
filling the dish to overflowing with mercury, re-
moving the excess by pressing a glass plate firmly
over the top of the dish, and measuring by means
of a glass graduate the volume of mercury held
in the dish (see 6.3.1). Record this volume as the
volume of the wet soil pat, V.

6.3.1 CAUTION: Mercury is a hazardous
substance w'hich can cause serious health effects
from prolonged inhalation of the vapor or con-
tact with the skin. The following precautions
should be followed whenever mercury is used in
the laboratory: (1) Always store mercury in a
shatterproof, sealed container, (2) Always work
wi th mercury in a well ventilated area, preferably

under a fume hood, (3) Avoid direct contact wii'n
mercury liquid; wear rubber gloves if direct con-
tact with mercury is unavoidable, (4) Prevent
uncontrolled spills by performing that pan of the
procedure requiring the use of mercury in a large
pan which can act as a catchment should mercur%
be spilled during the procedure, and (5) Uncon-
trolled spills must be cleaned up as thoroughly
as possible; mercury spill clean-up materials mav
be necessary and can be obtained from laboratory
supply companies.

6.4 Determine the volume of the dry soil pat
by removing the pat from the shrinkage dish and
immersing it in the glass cup full of mercury in
the following manner: Fill the glass cup to over-
flowing with mercury and remove the excess
mercury by pressing the glass plate with the three
prongs (Fig. 1) firmly over the top of the cup.
Carefully wipe off any mercury that may be
adhering to the outside of the cup. Place the cup,
filled with mercury, in the evaporating dish and
place the soil pat on the surface of the mercury.
Carefully force the pat under the mercury by
means of the glass plate with the three prongs
(Fig. 1) and press the plate f i rmly over the lop of
the cup. It is essential that no air be trapped
under the soil pat. Measure the volume of the
mercury so displaced in the glass graduate and
record as the volume of the dry soil pat. \ '„.

7. Calculation of Moisture Content
7.1 Calculate the moisture content of the soil

at the time it was placed in the dish expressed as
a percentage of the dry mass of the soil as follows:

x 100
where:
w = moisture content of the soil when piacec

in the dish,
W = mass of wet soil pat obtained by subtract-

ing the mass of the shrinkage dish from
the mass of the dish and wet pat, and

WQ = mass of dry soil pat obtained by subtract-
ing the mass of the shrinkage dish from
the mass of the dish and dry pat.

8. Shrinkage Limit
8.1 The shrinkage l i m i t of a soi! is the max i -

mum water content at which a reduction in water
content will not cause a decrease in the volurr . j
of the soil mass.

8.2 Calculate the shrinkage l imi t , SL. from
the data obtained in the volumetric shrinkage
determinat ion, as follows:
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SL = * - \[(l<- - r^W^o] x 1001

where:
SL = shrinkage l i m i t ,
w = moisture content of wet soil, in percent-

age of the mass of oven-dried soil,
V = volume of wet soil pat, ft3 (cm3),
VQ - volume of dry soil pat, ft3 (cm3),
WQ = mass of oven-dried soil pat, Ib (g), and
pH = density of water, 62.4 lb/ft3 or 1.0 g/cm3.

8.3 Optional Method—When both the spe-
cific gravity, G,, and the shrinkage ratio, R, are
known, calculate the shrinkage limit as follows:

SL = KI//0 -(I/G,)] x 100

9. Shrinkage Ratio
9.1 The shrinkage ratio of a soil is the ratio of

a given volume change, expressed as a percentage
of the dry volume, to the corresponding change
in water content above the shrinkage limit, ex-
pressed as a percentage of the mass of oven-dried
soil.

9.2 Calculate the shrinkage ratio, R, from the
data obtained in the volumetric shrinkage deter-
minat ion by the following equation:

R = H/O/KO x p..
10. Volumetric Shrinkage

10.1 The volumetric shrinkage of the soil is
the decrease in volume, expressed as a percentage
of the soil mass when dried, of a soil mass when
the water content is reduced from a given per-
centage to the shrinkage limit.

10.2 The volumetr ic shr inkage, '',, sha l l be
calculated from the data obtained in the v o l u -
metric shrinkage d e t e r m i n a t i o n by the fci ' .0' .v:r.£
equat ion:

\\ = (H-, - SL)R

where:
iv, = given percentage of water con ten t .
SL = shrinkage l imit , and
R = shrinkage ratio.

11. Linear Shrinkage
1 1 . 1 The linear shrinkage of a soil is the de-

crease in one dimension of a soil mass expressed
as a percentage of the original d imension, when
the water content is reduced from a given va lue
to the shrinkage limit.

11.2 The linear shrinkage, Ls. shall be ob-
tained by means of the following equation:

U = 100 [1 - #100/(K + 100)]

12. Specific Gravity
12.1 The specific gravity of the soil solids, (7S,

may be calculated from the data obtained in the
volumetric shrinkage test by the following equa-
t ion:

</.- I/[(!/*) - (SZ./IOO)]

13. Precision and Bias
13.1 Requirements for the precision and bias

of this test method have not yet been developed

134



3*CLASS

BRASS PINS SECURED
WfTH BALSAM.

&[•;•'•: DR
\/_jfV///xi^

BEFORE SHRINKAGE A^TER

EVAPORATING DISH-

D6TAIL5 OF GLASS PLATE- TOP OF CLASS DISH
GROUND SURFACE

MERCURY DISPLACED
BY SOIL PAT

METHOD OF OBTAINING DISPLACED MERCURY.

in.
mm

Metric Equivalents
'/ji '/it K 7/>z V.t 'Vit
0.8 1.6 3.2 5.6 11.1 23.8

FIG. 1 Apparatus for Determining the Volumetric Change of Subgrade Soils

3
76.2

The American Society for Testing and Materials lakes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent right*, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to wision at any time by the responsible technical committee and must be reviewed every five years and
if not raised, cither reapprovcd or withdrawn. Your comments arc invited either for revision of this standard or fur additions!
standards and should be addressed lit ASTM Headquarters. Your comments will receive careful consideration at a meeting of :hc
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you shouia
make your views known to the ASTM Committee on Standards. 1916 Race St.. Philadelphia. Pa. 1910S.



SHRINKAGE LIMIT TEST

Prciec!

Locat ion o! Project

Descr ipt ion of Soil

Tested By —————

Joo No.

Boring No.

Depth of Sample

Date of Testing _

Sample Nc.

Wt. of coated dish -r wet soil

Wt. of coated dish + dry soil

Wt. of coated dish

Wt. of soil, W,

Wt. of Water. Wa

Water content, it.%

Vol. of Wet Soil, V.

Vol. of Dry Soil. V,

(V,. - V,) yrShrinkage limit, it,, = m, - —————— x

— 9

— 9

— 9

— 9

————————._ cu cm (Step 5 of procedure: Vol. of
shrinkage disn = V.)

—————————— cu cm (Step 7 of procedure)

Shrinkage ratio,SR = W./V,
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Designation: D 422 - 63 (Reapproved 1990)'

Standard Test Method for
Particle-Size Analysis of Soils1

Thrs jundard 11 iuued under *.h< filed designation D *22'. :he number immed ia i e ly follo*^nK ihe destitution indicates the year of
ongjiui adoption or. in the m* o^ revision. the year of last revision. A number in parentheses indicates the year oClajt rupprovaj. A
lupencript eruian (,) indicate in editorial chanfe lince the I art revision or ruppro»aj.

NCTI— Section 19 wu addcc! eetiiohaJly in September 1990.

1. Scop*
1.1 This test method coven the quantitative determina-

tion of the distribution of panicle sizes in soils. The
distribution of particle sizes larger than 75 \im (retained on
the No. 200 sieve) is determined by sieving, while the
distribution of particle sizes smaller than 75 urn is deter-
mined by a sedimentation process, using a hydrometer to
secure the necessary data (Notes 1 and 2).

NOTE 1—Separation may be made on the No. 4 (4.73-mm). No. 40
(425-u.m), or No. 200 (73-}im) sieve instead or the No. 10. For whatever
sieve U5M. the size shall be indicated in the report.

NOTE 2—Two types or dispenioo devices are provided: (1) a
high-speed mechanical stirrer, and (7) ail dispersion. Extensive investi-
ptions indicate thai air-dispersion devices produce a more positive
dispersion of plastic soils below the 20^im «•»» and appreciably less
degradation on all sizes when used with sandy soils. Because of the
definite advantages favoring air dispersion, its use is recommended. The
resuhi from the two types of devices differ in magnitude, depending
upon soil type, leading to marked differences in particle size distribu-
tion, especially for men finer than 20 )im.

2. Referenced Documents
2.1 ASTM Standards:
D421 Practice for Dry Preparation of Soil Samples for

Particle-Size Analysis and Determination of Soil
Constants2

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes3

E 100 Specification for ASTM Hydrometers4

3. Apparatus
1 3.1 Balances—A balance sensitive to 0.01 g for weighing
the material passing a No. 10 (2.00-mm) sieve, and a balance
sensitive to 0.1 % of the mass of the sample to be weighed for
weighing the material retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apparatus A or B may be
used.

3.2.1 Apparatus A shall consist of a mechanically opcr-

'Tha lot method h under the juradioiofi of ASTM Committee D-ll on Soil
and Rock and n the diract roponobiliry of Subcommittee DIS.03 on Texture.
PUuicity. and Dcntiiy Ounciehnia of Soib.

Cumnl edition iprjrowd Nov. 21, 1963. Orie'naJly publithed 1935. RepUca

: Annual Bock ofASTH Sltndvai, Vol 0*.M.
' Annual took of ASTM Sianaants. Vol 14.0:.
' Annual took of ASTM SiuJarJi, Vol U.03.

ated stirring device in which a suitably mounted electric
motor turns a vertical shaft at a speed of not less than 10 000
rpm without load. The shaft shall be equipped with a
replaceable stirring paddle made of metal, plastic, or hard
rubber, as shown in Fig. 1. The shaft shall be of such length
that the stirring paddle will operate not less than V* in. (19.0
mm) nor more than 1'A in. (38.1 mm) above the bottom of
the dispersion cup. A special dispersion cup conforming to
either of the designs shown in Fig. 2 shall be provided to hold
the sample while it is being dispersed.

3.2.2 Apparatus B shall consist of an air-jet dispersion
cup* (Note 3) conforming to the genera] details shown in Fig.
3 (Notes 4 and 5).

NOTE 3—The amount of air required by an air-jet dispersion cup is
of the order of 2 ft'/min; some small air compressors are not capable of
supplying sufficient air to operate a cup.

NOTE 4—Another air-type dispersion device, known as a dispersion
tube, developed by Chu and Davidson at Iowa State College, has been
shown to give results equivalent to those secured by the air-jet dispersioa
cups. When it is used, soaJcing of the sample can be done in the
sedimentation cylinder, thus eliminating the need for transferring the
slurry. When the air-dispersion tube b used, it shall be so indicated in
the report.

NOTE 5—Water may condense in air lines when not in use. This
water must be removed, either by using a water trap on the air line, or by
blowing the water out of the line before using any of the air for
dispersion purposes.

3.3 Hydrometer—An ASTM hydrometer, graduated to
read in either specific gravity of the suspension or grams per
litre of suspension, and conforming to the requirements fcr
hydrometers 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale being the
only item of difference.

3.4 Sedimentation Cylinder—A glass cylinder'essentially
18 in. (457 mm) in height and 2'A in. (63.5 mm) in diameter,
and marked for a volume of 1000 ml_ The inside diameter
shall be such that the 1000-mL mark is 36 ± 2 cm from the
bottom on the inside.

3.5 Thermometer—A thermometer accurate to IT
(0.5'Q.

3.6 Sieves—A series of sieves, of square-mesh woven-wirt
cloth, conforming to the requirements of Specification Ell
A full set of sieves includes the following (Note 6):

9 Deuikd tMxIunf dnwjnct for this cup in ivailabfc n i nominaJ con from
the Amerxan Society for Tenint and Maicrute. 1916 R*ot Su, PhiUoelphia, PA
19103. Orter Adjunct No. I2-»O«2JO-00.
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L No. 18 aw Co « 0.049'

Chrorru P1of«d

(a)

•Punch
s'iaooi

W«lrte

0.001
0.03

0.049
1.24

0.203
5.16 12.7

V.
19.0

FIG. 1 Detail of Stirring Paddles

3-in. (75-mm)
2-in. (50-mm)
IW-in. (37.3-mm)
l-in. (25.0-mm)
V-in. (19.0-mm)
H-in. (9.5-cnm)
No. 4 (4.75-mmX

No. 10 (2.00-mm)
No. 20 (8JO-»im)
No. 40 {423-vm)
No. 60 <2JO-ym)
No. I40(106^tm)
No. 200 (75iim)

-S IS'itiom.

NOTE 6—A set of sieves giving uniform spacing of points for the
graph, as required in Section 17, may be used if desired. This set consists
of the following sieves:

3-in. (7VmoO No. 16 (I . tS-mm)
I Win. (37.i-mm) No. 30 (600-»im)
V-in. (19.0-mm) No. 50 (300-ttra)

. %-in. (9 J-mm) No. 100 (130-nm)
No. 4 (4jrj-moi) No. 200 (7Hm)
No. S (2.»-nim) • ' - .-

3.7 Water^Baih•• or Constant-Temperature Room—A
water bath or constant-temperature room for maintaining
the soil suspension at a constant temperature during the
hydrometer analysis, A satisfactory water tank is an insulated
tank that main tains-the temperature of the suspension at a
convenient constant temperature at or near 68"F (20"C).
Such a device is illustrated in Fig. 4. In cases where the work
is performed.in a room at an automatically controlled
constant temperature, the water bath is not necessary.

3.8 Beaker—A.beaker of 250-mL capacity.
3.9 Timing Device—A watch or clock with a second

hand.

4. Dispersing Agent
4.1 A solution of sodium hexametaphosphate (sometimes

called sodium metaphosphate) shall be used in distilled or
demincralized water, at the rate of 40 g of sodium
hexametaphosphate/litre of solution (Note 7).

NOTE ~—Solutions of this sal;, if acidic, slov.lv rever. or h>droiyie
back to the or.hophosphate form with a resultant decrease in dispersive
act ion. Solutions should be prepared frequently (at least once a month)
or adjusted to pH of 8 or 9 b> means of sodium carbonate. Bottles
conta in ing solutions should, have the date of preparation marked on
them.

4.2 All water used shall be either distilled or
dernineralized water. The water for a hvdromeier test shall

-2.6'diam.

M«trvc Equiv

1.3
33

2.5
66

3.7S
95.2

FIG. 2 Dispersion Cups of Apparatus

be brought to the temperature that is expected to pr:x
during the hydrometer test. For example, if the sedi~:r.:_
tion cylinder is to be placed in the water bath, the dist i i iec :~
demineralized water to be used shall be brouaht tc '.:
temperature of the controlled water bath; or. if the sioirre
tailor, cylinder is used in a room '*ith con t ro l led :i~-~~--
ture, the water for the test shall be a; the temperatu': e f t -
room. The basic temperature for the hydrometer test :s 6:'
(20"C). Small variations of temperature do no: i.r.rcc-,:.
differences that are of practical s ignif icance and cr n;:
prevent the use of corrections derived as prescribe-.
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Of A cooss

FIG. 3 AJr-J«t Di»p«r»ion Cup* of Apparatus B

5. Test Sample
5.1 Prepare the test sample for mechanical analysis as

outlined in Practice D421. During the preparation proce-
dure the sample is divided into two portions. One portion
contains only particles retained on the No. 10 (2.00-mm)
sieve while the other portion contains only particles passing
the No. 10 sieve. The mass of air-dried soil selected for
purpose of tests, as prescribed in Practice D42I, shall be
sufficient to yield quantities for mechanical analysis as
follows:

5.1.1 The size of the portion retained on the No. 10 sieve
shall depend on the maximum size of particle, according to
the following schedule:

NominaJ Oumcier or
Lirjen Puuckj,

in. (mm)

* (W)
V. (19.0)

1 (25.4)
I'A (31.1)
2 (50.1)
3 (76.2)

Approu'mjie Minimum
Mas of Portion, ( .

500
1000
2000
3000
4000
5000

5.1.2 The size of the portion passing the No. 10 sieve shall
be approximately 115 g for sandy soils and approximately 65
g for silt and clay soils.

5.2 Provision is made in Section 5 of Practice D421 for
weighing of the air-dry soil selected for purpose of tests, the
separation of the soil on the No. 10 sieve by dry-sieving and
washing, and the weighing of the washed and dried fraction
retained on the No. 10 sieve. From these two masses the
percentages retained and passing the No. 10 sieve can be
calculated in accordance with 12.1.

NOTE S—A check on the mass values and the thoroughness of
pulverization of the clods may be secured by weighing the portion
passing the No. 10 sieve and adding this value to the mass of the washed
and oven-dried portion trained on the No. 10 sieve.

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10
CJW-mm) SIEVE

6. Procedure
6.1 Separate the portion retained on the No. 10 (2.00-

mm) sieve into a series of fractions using the 3-in. (75-mm),

"T
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. 76.2
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1M.2

14
356

37
940

FIG. 4 lr*ul«l*d W.t.r B*th

2-in. (50-mm), lYt-in. (37.5-mm), 1-in. (25.0-mm), V«-in.
(19.0-mm), %-in. (9.5-mm), No. 4 (4.75-mm), and No. 10
sieves, or as many as may be needed depending on the
sample, or upon the specifications for the material under
test.

6.2 Conduct the sieving operation by means of a lateral
and vertical motion of the sieve, accompanied by a jarring
action in order to keep the sample moving continuously over
the surface of the sieve. In no case turn or manipulate
fragments in the sample through the sieve by hand. Continue
sieving until not more than 1 mass % of the residue on a
sieve passes lhat sieve during 1 rain of sieving. When
mechanical sieving is used, test the thoroughness of sieving
by using the hand method of sieving as described above.

6.3 Determine the mass of each fraction on a balance
conforming to the requirements of 3.1. At the end of
weighing, the sum of the masses retained on all the sieves
used should equal closely the original mass of the quantity
sieved.
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HYDROMETER AND SIEVE ANALYSIS OF PORTIOtN
PASSING THE NO. 10 (2.00-mm) SIEVE

7. Extermination of Composite Correction for Hydrometer
Reading

7.1 Equations for percentages of soil remaining in suspen-
sion, as given in 14.3, are based on the use of distilled or
demineralized water. A dispersing agent is used in the water,
however, and the specific gravity of the resulting liquid is
appreciably greater than that of distilled or demineralized
water.

7.1.1 Both soil hydrometers are calibrated at 68T (20'Q,
and variations in temperature from this standard tempera-
ture produce inaccuracies in the actual hydrometer readings.
The amount of the inaccuracy increases as the variation
from the standard temperature increases.

7.1.2 Hydrometers are graduated by the manufacturer to
be read at the bottom of the meniscus formed by the liquid
on the stem. Since it is not possible to secure readings of soil
suspensions at the bottom of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for the three
items enumerated is designated as the composite correction,
and may be determined experimentally.

7.2 For convenience, a graph or table of composite
corrections for a series of 1* temperature differences for the
range of expected test temperatures may be prepared and
used as needed. Measurement of the composite corrections
may be made at two temperatures spanning the range of
expected test temperatures, and corrections for the interme-
diate temperatures calculated assuming a straight-line rela-
tionship between the two observed values.

7.3 Prepare 1000 mL of liquid composed of distilled or
demineralized water and dispersing agent in the same
proportion as will prevail in the sedimentation (hydrometer)
test. Place the liquid in a sedimentation cyclinder and the
cylinder in the constant-temperature water bath, set for one
of the two temperatures to be used. When the temperature of
the liquid becomes constant, insert the hydrometer, and,
after a short interval to permit the hydrometer to come to the
temperature of the b'quid, read the hydrometer at the top of
the meniscus formed on the stem. For hydrometer 151H the
composite correction is the difference between this reading
and one; for hydrometer 152H it is the difference between
the reading and zero. Bring the liquid and the hydrometer to
the other temperature to be used, and secure the composite
correction as before.

8. Hygroscopic Moisture
8.1 When the sample is weighed for the hydrometer test,

*eigh out an auxiliary portion of from 10 to 15 g in a small
metal or glass container, dry the sample to a constant mass in
an oven at 230 ± 9'F (110 ± 5'C). and weigh again. Record
ins masses.

9. Dispersion of Soil Sample
9.! Wher. the soil is mostly of the clay and sil; sizes, weigh

out a sample of air-dry soil of approximate ly 50 g. When the
soil is mostly sand the sample should be approximately 100
g-

9.2 Place the sample in the 250-mL beaJcer and cover •*•;
125 raL of sodium hexametaphosphate solution (40 g/L)
Stir until the soil is thoroughly wetted. Allow to soa/c for -•
least 16 h.

9.3 At the end of the soaking period, disperse the sanp,.
further, using either stirring apparatus A or B. If stirrir.r
apparatus A is used, transfer the soil - water slurry fro- t:
beaker into the special dispersion cup shown in F:z.
washing any residue from the beaker into the cup •+•':::
distilled or demineralized water (Note 9). Add distilled - -
demineralized water, if necessary, so that the cup is rr.c
than half full. Stir for a period of 1 min.

NOTE 9—A large size syringe is a convenient device for hand!ir. j :r
water in the washing operation. Other devices include the wash-»a
bonk and a hose with nozzle connected to a pressurized distilled wa.
tank.

9.4 If stirring apparatus B (Fig. 3) is used, remove tr
cover cap and connect the cup to a compressed air supply ;
means of a rubber hose. A air gage must be on the l i ; . _
between the cup and the control valve. Open the cor.tr:
valve so that the gage indicates 1 psi (7 kPa) pressure (Nc
I OX Transfer the soil - water slurry from the beaker to t!
air-jet dispersion cup by washing with distilled or"
demineralized water. Add distilled or demineralized water, i •"
necessary, so that the total volume in the cup is 250 mL, b
no more.

NOTE 10—The initial air pressure of I psi is required to prevent the
soil - water mixture from entering the air-jet chamber when the mLxtv.
is transferred to the dispersion cup.

9.5 Place the cover cap on the cup and open the air
control valve until the gage pressure is 20 psi (1-0 k?r
Disperse the soil according to the following schedule:
- . _ - ' . • • Dvspenion Period.

•i . Plasticity lodcx min
I. - - UwfcrJ 5
, : ' . ' . 6 to 20 10
'';' - O«r20 15

Soils containing large percentages of mica need be dispery1

for only 1 min. After the dispersion period, reduce the ga
pressure to 1 psi preparatory to transfer of soil - water slu:
to the sedimentation cylinder.

10. Hydrometer Test
10.1 Immediately after dispersion, transfer the soil - -at:

slurry to the glass sedimentation cylinder, and add disuil-
or demineralized water until the total volume is 1000 mL

10.2 Using the palm of the hand over the open end of
cylinder (or a rubber stopper in the open end), turn :h-.
cylinder upside down and back for a period of 1 rr.ir.
complete the agitation of the slurry (Note 11). At the er.c
1 min set the cylinder in a convenient location and :a-
hydrometer readings at the following intervals c." :;-
(measured from the beginning of sedimentation'', cr as -.
as may be needed, depending on the sample or the <:<:::'-
tion for the material under test: 2, 5. 1:. 30. 6C. 1:1'. ;~
1440 min. If the controlled water bath is used, the sei.-;
tation cylinder should be placed in the bath better. •..-,;
and 5-min readings.

NOTE I I—The number of turns during th i s m i n u t : s.io-.-
approximately 60. counting the turn ups:d« Jown ani bac< is :-c '.-'
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Any soil remaining in the bouom of the cylinder during ihe first few

tu rns should be loosened by vigorous shaking of the cylinder while ii is
in ihe inver.ed position.

10.3 When it is desired to uke a hydrometer reading,
carefully insert the hydrometer about 20 to 25 s before the
reading is due to approximately the depth it will have when
the reading is taken. As soon as the reading is taken, carefully
remove the hydrometer and place i: with a spinning motion
in a graduate of clean distilled or demineralized water.

NOTE 12—It is important to remove the hydrometer immediately
after each reading. Readings shall be taken at the top of the meniscus
formed by the suspension around ihe stem, since it is not possible to
secure readings at the bottom of the meniscus.

10.4 After each reading, uke the temperature of the sus-
pension by inserting the thermometer into the suspension.

11. Sieve Analysis - - .
11.1 After taking the final hydrometer reading, transfer

the suspension to a No. 200 (75-u.m) sieve and wash with tap
water until the wash water is clear. Transfer, .the material on
the No. 200 sieve to a suitable container, dry in an oven at
230 ± 9"F (110 ± 5*C) and make a sieve analysis of the
portion retained, using as many sieves as desired, or required
for the material, or upon the specification of the material
under test. - • ...••'/•.rf: : L : . • - •

CALCULATIONS AND REPORT
••--s-l :?•• 5 . -:••• -

12. Sieve Analysis Values for the Portion Coarser than the
No. 10 (2.00-mm) Sieve : ; ; ' '" '

12.1 Calculate the percentage passing the Noi 10 sieve by
dividing the mass passing the No. 10 sieve by the mass of soil
originally split on the No. 10 sieve, and multiplying the result
by 100. To obtain the mass passing the No. 10 sieve, subtract
the mass retained on the No. 10 sieve from the original mass.

12.2 To secure the total mass of soil passing the No. 4
(4.75-mm) sieve, add to the mass of the material passing the
No. 10 sieve the mass of the fraction passing the No. 4 sieve
and retained on the No. 10 sieve. To secure the total mass of
soil passing the JA-in. (9.5-mm) sieve, add to the total mass of
soil passing the No. 4 sieve, the mass of the fraction passing
the %-in. sieve and retained on the No. 4- sieve. For the
remaining sieves, continue the calculations in the same
manner.

12.3 To determine the total percentage passing for each
sieve, divide the total mass passing (see 122) by the total
mass of sample and multiply the result by 100. . . . :

13. Hygroscopic Moisture Correction Factor . •
13.1 The hydroscopic moisture correction factor is the

ratio between the mass of the oven-dried sample and the
air-dry mass before drying. It is a number less than one,
except when there is no hygroscopic moisture.

14. Percentages of Soil in Suspension
14.1 Calculate the oven-dry mass of soil used in the

hydrometer analysis by multiplying the air-dry mass by the
hygroscopic moisture correction factor.

14.2 Calculate the mass of a total sample represented by
the mass of soil used in the hydrometer test, by dividing the
oven-dry mass used by. the percentage passing the No. 10
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TABLE 1 Values of Correction Factor, a. (or
Grtvities ol Sotl Ptmcles*

Ciifere-': Ss-ec:'ic

Soeot< G'av.ry Cor-fc:on Fac'C''

295
250
2 35
2.80
2 75
2.70
2.65
260
255
2.50
2.«5

O S *
095
CS5
0.97
098
099
1 OC
1 01
1.02
1.03
1.05

* For use in equation lor percentage of sol remanng in suspension wnen usir̂
Hy»ometer 152H.

(2.00-mm) sieve, and multiplying the result by 100. This
value is the weight W in the equation for percentage
remaining in suspension. ..

14.3 The percentage of soil remaining in suspension at the
level at which the hydrometer is measuring the density of the
suspension may be calculated as follows (Note. 13): For
hydrometer 15 1 H: " .

p - KIOOOOO/HO x GKG - G,)K* - G,J
NOTE 13 — The bracketed portion of the equation for hydrometer

13 IH is constant fora series of readings and -may be calculated first and
then multiplied by the portion in the parentheses.

For hydrometer 152H: . .. " .

where:
a =

R

W

C

100

correction' faction to be applied to the reading of
hydrometer 152H. (Values shown on the scale are
computed using a specific gravity of 2.65. Correction
factors are given in Table 1),
percentage of soil remaining in suspension at the level
at which the hydrometer measures the density of the
suspension,
hydrometer reading with composite correction a;>
plied (Section 7),
oven-dry mass of soil in a total test sample rep-;-
sented by mass of soil dispersed (see 14.2), g.
specific gravity of the soil panicles, and
specific gravity of the liquid in which soil panicle; 2-;
suspended. Use numerical value'of one in tc:.-.
instances in the equation. In the first instance a r.>
possible variation produces no significant effect, ar.d
in the second instance, the composite correction for ,-
is based on a value of one for G,.

15. Diameter of Soil Panicles
.15.1 The diameter of a particle corresponding to -Jie

percentage indicated by a given hydrometer reading shx'. ?<:
calculated according lo Stokes' law (Note 14). on the fcas;s
that a panicle of this diameter was at the surface of tr.e
suspension at the beginning of sedimentation and had sev.ied
to the level at which the hydrometer is measuring the dens;:.-
of the suspension. According to Stokes' law:

D- V(30/i/98<X(7-<?,)] x L/T
where:
D = diameter of panicle, mm,
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n = coefficient of viscosity of the suspending medium (in
this case water) in poises (varies with changes in
temperature of the suspending medium),

I = distance from the surface of the suspension to the
level at which the density of the suspension is being
measured, cm. (For a given hydrometer and sedimen-
tation cylinder, values vary according to the hydrom-
eter readings. This distance is known as effective
depth (Table 2)),

T - interval of time from beginning of sedimentation to
the taking of the reading, min, .• >

0 * specific gravity of soil particles, and -
C, =» specific gravity (relative density) of suspending me-

dium (value may be used as 1.000 for all practical
. purposes). •

NOTE 14—Since Stokes' law considers the terminal velocity of a
single sphere falling in an infinity of liquid, the sizes calculated represent
the diameter of spheres that would fall at the same rate as (he soil
panicles. •

15.2 For convenience in calculations the above equation
may be written as follows:

D- K-fL/f
where:
K = constant depending on the temperature of the suspen-

sion and the specific gravity of the soil particles. Values
of K for a range of temperatures and specific gravities
are given in Table 3. The value of K does not change for
a series of readings constituting a test, while values of L
a n d 7 d o vary. " - . . • • ;

15.3 Values of D may be computed with sufficient accu-
racy, using an ordinary 10-in. slide rule.

NOTE 15—The value of L is divided by T using the A • and 5-scales,
the square root being indicated on the £>-scale. Without ascertaining the
value of the square coot it may be multiplied by K, using either the C- or
a-scaJe.

16. Sieve Analysis Values for Portion Finer than No. 10
(2.00-mm) Sieve

16.1 Calculation of percentages passing the various sieves^
used in sieving the portion of the sample from the hydrom-
eter test involves several steps. The first step is to calculate
the mass of the fraction that would have been retained on the
No. 10 sieve had it not been removed. This mass is equal to
the total percentage retained on the No. 10 sieve (100 minus
total percentage passing) times the mass of the total sample
represented by the mass of soil used (as calculated in 14.2),
and the result divided by 100.

16.2 Calculate next the total mass passing the No. 200
sieve. Add together the fractional masses retained on all the
sieves, including the No. 10 sieve, and subtract this sum from
the mass of the total sample (as calculated in J4.2).

16.3 Calculate next the total masses passing each of the
other sieves, in a manner similar to that given in 12.2.

16.4 Calculate last the total percentages passing by di-
v i d i n g the total mass passing (as calculated in 16.3) by the
:o;a! mass of sample (as calculated in 14.2). and m u k i p N the
:esuh by 100.

1". Graph
1 ~.! \Vher. the hydrometer analysis is performed, a graph
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TABCH 2 Vakw« c4 I
S«dMTM<lUt»

Ef(»c9v« D*i
on Cylirvi*f

gVi &•»•
of S^c

•d 0*1 Hydr O*T%^<
»fl*d Sit**'

!•» »

Hvoromww 151M Hydrorrw.- 152M

Actu*
HydTXTwier

S»»Sng

1.000
1.001
1.0C2
1.003
1.004
1.005

1.006
. 1.007

1.008
1.009
1.010

1.011.
1.012
1.013
1.014

1.015

1.018
1.017
1.018
1.019
1.020

1.021
1.022
1.023

• 1.024-
1.025

1.028
1.027
1.02S
1.029
1.030

1.031".
1.032

' 1.033 '
1.034

•.1.035- .
1.036
1.037
1.038 .

* V4UOT Crf

Eff«rtv«
06pm.
L. cm

14.3
18.0
15.8
15.5
15.2

. 15.0

14.7
14.4
14 J
13.9
13.7

13.4
13.1
12.9
12.8
12J

12.1
11.8
11J
11.3
11.0

10.7
10.5
10.2
10.0
9.7

9.4
9.2
8.9-
8.8
8.4

8.1 .
7.8
7.8
7.3

• 7.0 ,
8.8
6.5
8.2

Acru*
Hyororrnte'
K»tOn)

0
1
2
3
4
5

'•• 8
7
8

. 9
10

11
12
13
14

15

16
17
18
19
20

21
22
23
24
25

29
27
23
29
30

E.%CTV
D»0<n.
C. cm

15.3
16.1
16.0
15.8
15.8
15.5

15.3
15-2
15.0
U.8
14.7

14.5'
14.3
142
14.0
13.8

13.7
13 J
13.3
13.2
13.0

12.9
12.7
12.5
12.4
12.2

12.0"
11.9
11.7

"11.5
11.4

• Acx* E
f̂̂ 3T!i/1 t̂(f

Ps î̂ nQ %

31 -
32
33
34
35 '.

36
37

.' , 36
"" 39

*o
41
42
43
44
45

46 ' '
47 '
46
49
50

51
52
53
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of the test results shall be made, p l o t t i n g the d:arr.e:
par.ides on a logarithmic scale as the abscissa
percentages smaller than the corresponding d:a—.e:
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T*SL£ 3 Valu«» of K lor U*e in Equation for Computing Diameter ol Particle in Hydrometer Analyiii

Trfvx'it^it Soeofc Griviry ol SoJ Panoes

'c 2.*5 2.50 255 260

16 001510 001505 001*81 001*57
17 001511 001*86 001*62 O C 1 * 2 S
18 001*92 001*67 001**3 001*21
19 001*7* 001*-*9 001*25 001*03
20 0.01*56 001*31 0.01*08 0.01386

21 0.01*38 001*1* 0.01391 0.01369
22 001*21 001397 00137* 0.01353
23 0.01*0* 0.01381 0.01358 0.01337
2* 001 34! 001365 0.013*2 0.01321
25 0.01372 0.013*9 0.01327 0.01306

26 0.01357 0.0133* 0.01312 0.01291
27 0.013*2 0.01319 0.01297 0.01277
28 0.01327 0.0130* 0.01283 0.0126*
29 0.01312 0.01290 0.01269 0.012*9
30 001298 0.01276 0.01256 0.01236

arithmetic scale as the ordinate. When the hydrometer
analysis is not made on a portion of the soil, the preparation
of the graph is optional, since values may be secured directly
from tabulated data. • •

18. Report '.;
18.1 The report shall include the following:
1 8. 1 . 1 Maximum size of particles,
18.1.2 Percentage passing (or retained on) each sieve,

which may be tabulated or presented by plotting on a graph
(Note 16), •

18.1.3 Description of sand and gravel particles:
18.1.3.1 Shape — rounded or angular,
18.1.3.2 Hardness — bard and durable, soft, or weathered

and friable, '
18.1.4 Specific gravity, if unusually high or low,
1 8. 1 .5 Any difficulty in dispersing the fraction passing the

No. 10 (2.00-mm) sieve, indicating any change in type and
amount of dispersing agent, and

18.1.6 The dispersion device used and the length of the
dispersion period.

NOTE 16 — This tabulation of graph represents the gradation of the
sample tested. If panicles larger than those contained in the sample were
removed before testing, the repon shall so nate giving the amount and
maximum size.

18.2 For materials tested for compliance with definite
specifications, the fractions called for in such specifications
shall be rcoorted. The fractions smaller than the No. 10 sieve

265 2.70 2.75 280 2 !5

001*35 001*1* 00139* 00137* C31356
0 0 1 * 1 7 031396 001376 001356 C C 1 3 3 8
001399 001378 0.01359 C01309 C 0122-
001382 0.01361 0.013*2 01323 00-.3C5
0.01365 0.013-" 0.01325 0.01307 O.C128S

0.013*8 0.01328 0.01309 001291 0.01273
0.01332 0.01312 0.0129* 0.0127S C.01258
0.01317 0.01297 0.01279 0.01261 0.012*3
0.01301 0.01282 0.0126* 0.012*6 0.01229
0.01286 001267 0.012*9 0.01232 0.01215

0.01272 0.012S3 • 0.0123S 0.01218 0.01201
0.01258 0.01239 0.01221 0.012O* 0.01188
0.012** 0.01255 0.012O8 0.01191 0.01175
0.01230 0.01212 0.01195 0.01178 0.01 162
0.01217 0.01199 0.01182 0.01165 0.011*9

N o . 10»«vt . . . - . ,

No. *0poc

200 SET
(J) SUl ite, 0.07* 10 0.005 mm • . . . . . . . . . . . .%

Colloids, imajtcr tKao 0 001 nrn %

. 18.4 For materials for which compliance with definite
specifications is not indicated and when the soil contains
material retained on the No. 4 sieve sufficient to require a
sieve analysis on that portion, the results may be reported as
follows (Note 17): . • • . . ' .

SIEVE ANALYSIS
, Percenufe

Sieve Sue . ., . , . PUBOI

3-in. . . . . . . . . . . . . . . .
2-in. . . . . . . . . . . . . . . .

l-in. . . . . . . . . . . . . . . .
fc-in. . . . . . . : . . . . . . . .

No. * (*.7J-mm) . . . . . . . . . . . . . . '
No. 10 (2.00-mm) . . . . . . . . . . . . .
No. *0 (*2J-Min) ' . . . . . . . . . . . . . .
No. 200 (7J->im) . . . . . . . . . . . . . . .

HYDROMETER ANALYSIS

0.001 mm • • . . . . ' . . . . ' . . . . . . .
shall be read from the graph. - • .

18.3 For materials for which compliance with definite
specifications is not indicated and when the soil is composed
almost entirely of panicles passing the No. 4 (4.75-ram)
sieve, the results read from the graph may be reported as
follows:

NOTE 17—No. S (2.36-mm) and No. 50 (300^im) neves may be
substituted for No. 10 and No. *0 sieves.

19. Keywords .
19.1 grain-size; hydrometer analysis; hygroscopic mois-

ture; panicle-size; sieve analysis
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Designation: D 1140 - 54 (Reapproved 1990)' Miccna

Standard Test Method for
Amount of Material in Soils Finer Than the No. 200 (75-um)
Sieve1

This lundird u issued under the Cued destination D I HO: ih« number immediately follo<*in| the desitnaiion indiciies the year of
oripnal adoption or, in the cue of revision, the year of UK revision. A number in parentheses indicates the year or lisi rcapprovil. A
>upencrip< epjiton (<) indicate* an editorial change since the Ust revision or reapproval.

This standard has been approved for tat by agencies of the Department of Drfmse. Consult the DoD Index of Specifications and
Standards for the specific year o/iaue which has been adopted by the Department of Defense.

" NOTE—Editorial chan|a were made throughout in September 1990.

1. Scop«
1.1 This test method covers determination of the total

amount of material in soils finer than the No. 200 (75-um)
sieve.

2. Referenced Documents
2.1 ASTM Standards:
D422 Method for Particle-Size Analysis of Soils2

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses3

3. Apparatus
3.1 Sieves—A nest of two sieves, the lower being a No.

200 (75-um) sieve and the upper a No. 40 (425-um) sieve,
both conforming to ASTM Specification E l l .

3.2 Containers—A pan or vessel of sufficient size to
contain the test sample covered with water and to permit
vigorous agitation without advertent loss of any pan of the
sample, and a second pan or container for use in drying the
test sample after washing.

4. Test Sample
4.1 The test sample shall be selected from material that

has been thoroughly mixed. A representative sample, suffi-
cient to yield not less than the approximate weight of dried
material shown in the following table, shall be selected using
a sample split::: or by the method of quartering:

Nominal Diameter of
Ljrjcst Panicle, in.

0.0787 (No. 10 sieve) (2.0 mm)
0.1 37 (So •» sieve) (4.75 mm)
V. (19.0 mm)
I CJ.O mm)
!'•': or over !j~.5 mm)

Approximate
Minimum Weight

of Sample, I
200
SCO

1500
:ooo
:.<oo

5. Procedure
5.1 Dry the test sample to a constant weigh: a: a temper-

T.-MI :es: mc:ioJ n jr.0e.r sfie jurisdiction of ASTM Commuter D-lS on Soil
3"£ R v X K an£ is trie dircc; rrsoonwOiiiis o;" Subcornmiiter D 1 5 0 5 on T;\iure.
?!ast:C:!j anJ L>-Si:> Cruraciensucs of Soils.

Currcn: ciinon approve*: Sept. 15. l95-< Ontiniil> issued 1950. Rtpiicrs
D 11.10- 50 T

: A**:S. 3i.«. oi'JSTM Sunfard*. Vol 0-» 08
" A«K-^. 3^« afASTV Siawa*. VoisCW O l . f r J 02. 0-: On. 05.05. and U.O:.

ature not exceeding 230 ± 9 F (110 ± 5 C) and weigh to the
nearest 0.05 percent, or alternatively, weigh the test sample
moist and use an auxiliary moisture content sample to
determine the moisture content of the sample. The weight of
the moisture content sample shall be between 20 and 30
percent of the weight of the test sample. Calculate the
oven-dry weight of the test sample from the moist weight and
the moisture content.

5.2 Place the test sample in the container, add sufficient
clean water to cover it, and allow to soak a minimum of 2 n
(preferably overnight).

5.3 Agitate the contents of the container vigorously and
pour the wash water immediately over the nested sieves,
arranged with the coarser sieve on top. Repeat the process of
adding clear water to the container to cover the sample.
agitating the contents of the container, and pouring the wash
water over the nested sieves until the wash water is clear.
When the total sample is small, the entire contents of the
soaking container may be transferred to the nested sieves
after the first washing and the washing operation completed
in accordance with 5.4. The wash water need not be saved.

NOTE 1—The percentage value secured at the end of the test ma> not
be correct (being too low) for soils containing relatively high perc:.vagrs
of the minus 200 fraction. This appears to be due chiefly to inarje^a-.;
agitation. When it is desired to secure the exact percentage for the rr.-.-_:
200 fraction for such a soil, the portion of the sample passing we No -'
sieve and retained on the No. 200 sieve secured in the was. . -- ;
operation, shaJl be transferred to the dispersion cup of the s::~-
apparatus used in Method D-»22. The cup filled half fu l l with *ai-r ;- :
the contents agitated for I min. After this agitation the cont«rr.s of:- . ;
cup shall be transferred to the nested sieves and washing continued.

If the stirring apparatus has not been used prior to the drying of:.-.:
portion of the sample larger than the No. 200 (75-^m) sicv;. and ;i ,s
desired to do so after drying, the dried material shall be separatri c- :-.:
No. *Q (-»25-um) sieve: the portion retained shall be saved: ar.ii •."
portion passing shall be placed in the dispersion cup wi th wr:r ;-j
agjtated for 1 min with the stirring apparatus as previously drier.:•:_
The contents of the c'jp shall be transferred ;o tne No .'X s:; •
washed, and Cned. The revised to'.a: w;.jhi rs:a:n;J on :-•; V- 1 •
sieve shall be secured by c o m b i n i n g and w e i g h i n g the two f-j." •••;

5.4 Transfer ;he sample to the nested sieves 2r,cj voir -
runn ing waier (Note 2). When the scmpie is large: ;.-;-. ;..
be handled a; one time on the nested sieves, wash ; ?<_'.-.. -•
of the sample and transfer to the conta iner in v.h;:r. :i is •.
be dried.

NOTE 2—Tapping of siots hai rx;r. founJ 10 c\?cii;:? '.ne -i<.-.:
operations.

!S5



D 1140

5.5 Dry the washed material rcuined on the nested sieves
i a container to a constant weight at a temperature not

exceeding 230 ± 9 F (! iO ± 5 C) and dry-sieve it on the
nested sieves (Note 3). Weigh the dry material retained oa
ne nested sieves to the nearest 0.05 percent.

NOTE 3—Some mater ia l pais« the No. 2CO (75-jim) sieve on dry
sieving that did noi pass d u n n g the washing operation. When desired, a

eve analysis may be made on the portion of the sample retained on the
.'o. 200 sieve, in accordance wiih Method D 422.

6. Calculation
6.1 Calculate the results as follows:

?-(('*'„- «•',)/*•„] * ice
where:
P = percentage of material f iner than No. ICO (75-urr..

sieve.
H0 = weight of original sample on an oven-dry basis, g ar.c
Vf\ ~ oven-dry weight of sample after washing and dry-

sieving, g.

7. Keywords
7.1 grain-size; No. 200 sieve; particle-size; sieve analysis

The Atrterictn Society lor Testing and Materials (Ores no position respecting the vslidfry ol any peient rights tssened in comecion
with any Htfn mtrticntd in this Mntfard. Users of this sttndtra art txpressly aoViicd rnar oettrminuion ol We vtHC/Tf ol *ny sucfi
patent rights, and the rak ol iniringemert ol such rights, trt entirely their own nsponaioiHPf.

This UMndtrd a subject to revision MI try time oy the responsible lechnictl committee and mutt tie reviewed every t'rre yeers and
4 not revised, e/ther reepproved or wghdrmwn. Your comments tie invited either tor revision ot thtt sunderd or lor tddltionel sttndtrds
end should be eddretsed to ASTV Heedquesterz. Your comments witt receive ctrtrut coraidermtion m a meeting ol ttte responsible
technics! committe, wruc/i you mty tttend. If you leel thet your comments hive not received t Itir heering you should mette your
views known to Ihe ASTW Committee on Sundard*. TS76 Reot St.. PtOudelpnit, PA 19103.
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CHAPTER 1

WHAT IS SIEVING?

A simplistic definition of sieving is the removal of
fine material from coarse material by means of a
neshed or perforated vessel. Professor Terence Alien
:haracterizes sieving as "The aperture of a sieve may
be regarded as a series of gauges which reject or pass
particles as they are presented to the aperture." W
This theory was actually in practice during the early
Egyptian era as grains were sized with 'sieves' of
woven reeds and grasses.

The level of sophistication increased with the rise of
the industrial society. As requirements for sized
material rose, technology in producing uniform sieving
media increased. Woven wire cloth was introduced as
an alternative providing greater accuracy and durabil-
ity. At present, this woven cloth is available in a range
of sizes from 5" openings to 20 micrometer openings.
All mesh sizes are covered by an array of both national
and international standards of tolerance.

The need for particle size anaylsis in the finer size
ranges (i.e. 38 micrometers and less) prompted the
development of the electrodeposited sieve. These
sieves, sometimes called electroformed or micromesh,
are currently being produced with openings as fine as
5 micrometers. The mesh openings are extremely
uniform in both size and shape and maintain a
tolerance of a maximum of 2 micrometer variation.

While the area of sieve analysis has come a long way
since the reed sieves of ancient Egypt, few new
developments have come along since the 1940's.
Professor Kurt Leschonski wrote "Sieve analysis is
one of the few methods of particle size analysis which
has escaped modernisation (sic)." <2)While the mod-
ernization has not come in the actual hardware of
sieving, refinements in the appb'cation and utilization
of existing equipment has proceeded.

EBBBBBBBB
EBBBBBBBB

BBBBBBBflfl
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WOVEN SIEVE CLOTH
V'c.-icS'or-s in opening size cr.d skcpe ere COT.T.OI.

ELECTROFORMED SIEVE CLOTH
xd !r-jiierici tkou:inf uniformity in opening si:i



CHAPTER 2
USES, LIMITATIONS AND ADVANTAGES

Harold Heywood wrote "I often refer to sieving as
the 'Cinderella' of particle size analysis methods; it
does most of the hard work and gets little consideration.''̂

There are numerous reasons for the selection of
testing sieves as a first choice in particle size anaylsis
work. Leschonski put it "...because of its simplicity —
everyone immediately understands the purpose of a
stack of sieves and its operation — and its inexpensive-
ness." (•*) Standard sieve analysis is probably the
fastest and most widely used quality control procedure
in any powder process control industry. Used frequently
as a mediating device between the production and
sales divisions of a process corporation or between the
sales force and the customer, test sieve analysis work
enjoys the universality of being the best 'quick and
dirty' test procedure for rapid particle size distribution
data. The outcome of the analysis is easily calculated
and interpreted for comparison between laboratories.
Start-up cost to institute a basic sieving quality
control program is minimal, and operators of most
levels of training are capable of performing a success-
ful sieve analysis. With these factors in mind, it is easy
to see why testing sieves are as ubiquitous as they are
in industry. Materials from crushed ore chunks of over
4V4" in diameter to slurried alumina and porcelain
powders of less than 20 micrometers are all analyzed
with test sieves on a regular basis.

Whether hand or machine sieving, wet or dry-
preparations, analysis or production work, testing
sieves have found a niche in the quality control
laboratory. Given this overall acceptance of test sieves
as a viable analytical device and the widespread
presence of the sieve in laboratories in all industries,
any shortcomings of such an analysis device would be
magnified. For all of the advantages available to the
test sieve user, limitations must be recognized and
accounted for in data presentation and analysis.

Test sieves are individuals. Being fabricated of a
woven mesh material, variations in the weave are
common. The chances of locating two sieves of identi-
cal distribution of opening sizes are extremely remote.
Because of these variations, reproducibility of tes:
results between sieves is adversely affected. The
stringer.; standards imposed by ASTM, ISO cr other
regrating bodies have built tolerance factors which
a'.Ic'-v for the.variations in the weave while striving to
maintain a level of uniformity in 'test grade' sieve cloth.
(See Table 1.1

BHHBBBIIIIH

CLOTH WITH WIDE MESH VARIATIONS
Alternating areas of narrow and wide mesh, openings eon sigr.if.ecr.:'.\
chcngt sieve analysis results.

With this distribution of opening sizes present, so:
smaller than the nominal and some larger, the tii
interval of the sieve analysis becomes extreme
important. If, for example, a sieve has several openir
far above the tolerance for the particular mesh si:
and the test is run for 30 minutes, the probability
larger-than-nominal panicles finding those overs:
openings is much greater than if the test was run :
only 15 minutes. Similarly, if the sample of po-.vd
contains a large percentage of elongated or needle!:
particles, the longer the test interval, the greater t
likelihood that the elongated particles will crie
themselves 'on end' and pass through the openings ,
the sieve cloth has a wide rar.se cf ooenir.s sizes, t
sieving of such a material has a compounded err:

Another factor which must be careful ly ana lyzed
the reaction of the material to ambient cor.d:::;:
The most accurate test sieve available would be



USES, LIMITATIONS AND
ADVANTAGES (cont.)

minimal use if the relative humidity in the test lab was
99". Likewise, extremely dry conditions can cause
fine powders to adhere to the sieve parts and each
other with strong electrostatic charges. Other types of
sieving problems will be discussed in the glossary
section.

To minimize the error unavoidably introduced by
the wire cloth weavers, steps must be taken at every
step of fabrication that assure the uniformity of the
woven mesh as well as the compliance with the
applicable standards. Both the weaver and the test
sieve manfacturer must keep up a constant monitoring
program of actual opening sizes of the wire cloth as
well as the uniformity of those openings. The loss to
the manufacturers in rejected sieve cloth is a gain to
the end-user in uniformity and compliance.

COMPARATOR
Profile projector specially designed and built for wife cloth CTJ!
inspection.

CHAPTER 3

WORKING GLOSSARY OF SIEVING TERMS

Sieving terminology is frequently used and abused
in writing up specifications for materials. Listed below
are some of the most frequently used terms and a
general discussion of their meaning:

Agglomerate: natural tendency of materials to
clump or ball together. This condition is very common
in materials with high fat or oil content or those with
fibrous or extremely irregular topography.

SIEVING MECIA
{wire cloth, sh««t or pl»t»)

TOP(ri"«tl
SOLOES JCIN7

BEAD

Blinding: plugging of the screen openings with
particles either exactly the same size as the sieve
opening or by fine particles which build up or. the
meshes and eventually close off the openings. F re -
quently referred to as pegging. (Photo Page 4)

Cover: stamped or spun lid which tightly co-.-.:-
the top of a sieve to prevent the loss of the —a:er^ .
sample during sifting.

Electrostatic charges: accumulation of ele::.-
cal charges on the particles and sieve parts ca'-;ir:
clinging, agglomeration or blinding. This ccnci'icr. •.:
frequently seen in hydrocarbon based materials, p".;i-
tics, reactive metals, paint pigments and powders --;-.-
a large fraction below 20 nucrometers.

Extended rim pan: a sieving pan with a S'.-L.-.
designed to nest within a sieve stack, allowing m u l t i r '.-
tests to be performed simultaneously. Frequently cale; :
nesting pan or spacer.

FULL HEIGHT
Height 2Vi", dtplti to clotn 2 '

HALF HEIGHT
H«isht !'/.•, depth to cloth 1"



WORKING GLOSSARY OF
SIEVING TERMS (cont.)

COVER WITH LIFTING RING COVER WITHOUT LIFTING RING

EXTENDED RIM PAN
(Spacer)

Flow additive: powdered substance added to the
sample to reduce agglomeration, neutralize static
charges and improve the flow characteristics of the
sample. Common additives are fine silica, activated
charcoal, talc, and other commercially produced syn-
thetic substances. Generally, the additive is pre-
screened to a known average particle size, blended
with the sample (approximately 1% additive by weight)
and then screened.

Frame: rigid sidewall used to form body of the
testing sieve. Common depths are 2" (full height) and
1" (half height). Special application sieves of other
depths are also in use.

Mesh: screening medium with openings cf uniform
size and shape fabricated of woven, punched or
e!ectrodeposi:ed material.

Pan: stamped or spun receiver of materials passing
through the finest sieve.

Skirt: section of test sieve below the sieve mesh
which allows for mating or nesting of the sieves in a
test stack.

BLINDED SIEVE
Spherical and near-size pardcles can blind or peg in the sieve optr.i

Support mesh: coarse sieve cloth mounted under
fine sieve cloth in a test sieve to provide escra
strength. This is widely used in wet sieving operations
to protect the fragile fine sieve cloth. Frequently
called backing cloth or roDed backing cloth.

Test Sieve: screening medium (mesh) with open-
ings of uniform size and shape mounted on a rigid
frame, usually for laboratory' testing or small scale
production applications. The frames can be mace of
various materials, the most common of which are
brass and stainless stee! in a cylindrical conf":r-ira:ior..
having a diameter of 3", 5", 6",S", 10", 12" or larier.

Wet sieving: the separation of flr.es from :'.-.-
coarse portion of a sample while suspended ir. ar.
aqueous solution introduced to a testing sieve. The
liquid mecium is used to negate static charges, break
down agglomerates and lubricate near-size parric'.es.
After the fines have beer, washed through the s i e v e ,
the residue is oven-dried and reweished.



CHAPTER 4

SIEVE SPECIFICATIONS — Domestic and International

The U.S. Sieve Series is a metric system based
series firs: suggested by the American Society of
Testing and Materials in 1913. The opening sizes in
this sieve series are in the ratio of the fourth root of
two. This numerical relationship was first suggested
by Professor P.R. Rirtinger, a German researcher, in
1867.

In the fourth root of two series, every opening size is
1.189 times the opening size of the next smaller sieve.
This relationship continues into sieve opening area
measurement. The.U.S. Sieve Series provides that the
area of each sieve opening size is IVi times the area of
the preceding sieve size.

By using every other sieve in this number series, the
relationship becomes based on the square root of two
(1.414), with the area of the opening being twice that
of the preceding sieve size. Thus, by skipping two
sizes, you create an area ratio of 3 to 1, or by skipping
three sizes, you create a ratio of 4 to 1.

When selecting sieves from this series, any number
of sieves can be used for an analysis. Care must be
taken in selecting every' sieve between two points,
every other sieve, every fourth sieve, etc., to keep
within the mathematical progression of the series.

After World War n, the Interr.arior.al Standards
Organization (ISO) was formed in an attempt to
establish world standards. Though the U.S. Sieve
Series had proven to be effective and was in use
throughout the world; members of the ISO would not
accept the U.S. Sieve Series as a world standard.
Rather, they chose to adopt the Preferred Number
Series based on the roots of ten. The Preferred
Number Series was suggested by Charles Renard of
France in 1879. His system is based on the tenth,
twentieth and fortieth roots of ten (designated P.-10,
R-20 and R-40). See Table 2.

Compromise was reached between the ISO and the
proponents of the U.S. Sieve Series when it was
discovered that every third value in the R-40/3 table is
in a step ratio of 1.885, sufficiently close to the fourth
root of two (1.1892) used by the U.S. Sieve Series. In
1970, slight adjustments were made in the U.S. Sieve
Series to align the series perfectly with the ISO
specifications.

Copies of these tables of specifications can be found
in Table 3.

CHAPTER 5

SIEVE CALIBRATION PROCEDURES

Quantifying and accounting for variations in test
sieve results have become two of the most important
topics in particle technology today. Once again, the
ubiquitous nature of stacks of test sieves in powder
labs around the world has contributed to scope of the
dilemma in sieve standardization and calibration. Kaye
states "The inaccuracies and the uncertainties of
characterization by sieve fractionation arise from the
experimental problems of determining the sieve resi-
dues and from the nonideal nature of the sieving
surfaces.".Further, "The presence of a range of aperture
sizes in any real sieving surface is a source of error in
sieve based characterization studies since the theoreti-

cal or nominal size of the sieve is tak,en to be
boundary limit for the sieve residue." (5)

Not only is the test sieve user plagued with variat;
in the weave of the cloth, but confronted with
effects of particle shape on sieving results. Near:;
years ago, A.M. Gaudin wrote "Powders with ice:::
size distributions, densities and chemical compos:
may behave quite differently as a result of variatio:
panicle shape between samples. For example, pew:
consisting solely of spherical particles are like!;
have good flow properties, while powders contai :
needlelike particles will not." Further, ''In addit io
is impossible to isolate the concepts of particle



SIEVE CALIBRATION
PROCEDURES (cent.)

and shape, since the method of size measurement will
influence the particle size which is determined." 16>

Numerous approaches have been tried to compen-
sate for the effects of variations in wire cloth and
particle shape. The methods have fallen into 3 basic
categories: 1) inspection of the mesh to determine
opening size, 2) material testing of the sieves to
determine if sieves fall within performance specifica-
tions, and 3) a combination of methods 1 and 2,
assuring compliance with both opening size and per-
formance specifications.

Probably the most elementary of the inspection
methods is the use of the etched glass slide. This
procedure relies on what is referred to as the 'Moire
Effect' which compares the number of meshes per
inch in the wire cloth sample to the number of lines per
inch etched on the glass slide. By microscopically
measuring the wire diameters, a rough estimate of the
opening size can be approximated. One major short-
coming of this procedure is the assumption that all
wire diameters within the sample are the same. A
slight variation in wire diameter can translate to a
significant change in opening size.

An alternative to this measurement approach is the
use of a high-powered optical comparator or profile
projector. In this method, powerful light sources
illuminate the mesh from both above and below and
project the image onto a glass screen. Calibrated
micrometer stages move the mesh sample in relation
to a reference point allowing measurements with
accuracy of 1 micrometer to be made on both the
opening and wire diameter. The results are displayed
on a numerical readout. The broad field of view of the
comparator allows fora scan of a large number of sieve
openings, facilitating a more comprehensive picture of
the nature of the sieve cloth.

In material testing of sieves, powder sample; are
run on subject sieves and the residue calculated.
These values are then compared with other sieves in
selecting what some refer to as 'matched' sieves.
There are a number of shortcomings in this procedure
also. The firs: and foremost problem encountered is
that of coir.oliar.ee. Cor.ceivablv, it is possible to fir.d

hundreds of sieves that will provide the same per-
formance data when tested with a reference material
and still not meet ASTM standards. While the sieves
perform comparably, the fact that they do not meet
the basic criteria of ASTM specifications should
remove them from use as a U.S. Standard sieve.
Another problem encountered with material matching
is the use of reference samples which are different in
shape, size or density than the users' products. For
example, a manufacturer of spherical steel shot would
yield significantly different results on a sieve that had
been matched with an angular ground silica material.
In this case, both shape and density are considerably
different. The key to proper matching is the use of the
user's own product or a material which approximates
the product most closely.

The final approach is a combination of the first rwo
methods. First, the sieve is checked optically for
compliance with all applicable standards. Openings
and wire diameters are physically measured, not
averaged. After the sieve opening distribution has
been characterized and evaluated, actual material
testing can begin. During the material testing, samples
of the user's own product are used for the standardiza-
tion procedure. All tests are run for repeatability and
the variation between test results calculated. This
procedure yields a testing sieve with known values in
the two most essential parameters — compliance with
specifications and performance in an 'in vivo' setting.

An alternative that has been used with some suc-
cess is the use of correction factors between sieves.
Once a 'master set' of sieves has been established, a
reference sample is tested on the stack. The values are
calculated and retained. As new sieves are purchased,
the original reference sample is tested on the new se:
and the values calculated. Any variations between the
sieve stacks can be compensated for with correction
factors or multipliers. For example, a sieve in stack 3
may retain more or less than the comparable sieve ir.
the master set. A multiplier of magnitude greater than
or less than 1 is necessary to calculate the ccmparab'.e
retention value on that sieve when compared to the
master set. In this way, every sieve in use car. be
compared to the master set to standardize sie-.ir.r
results. Whatever method you use, it is essential that
your starting point is grounded on the firm four.daticr.
of ASTM specifications. The compliance is necessary
to assure uniformitv between and within industries.



CHAPTERS

PERFORMING THE SIEVE ANALYSIS

In obtaining meaningful sieve analysis data, three
major steps must take place. The firs; step is the
preparation of the sample material, the second step is
the performance of the actual sieving technique and
the final step is the computation, presentation and
analysis of the data.

Sample extraction and preparation is the most
commonly overlooked variable in sieve standardization
programs. Testing bias can be added at many places
along the progression from material production to
data analysis. The way the samples axe extracted from
the original bulk volume varies with the way the
materials are produced or stored. The ideal sampling
method is one which produces the most representative
sample with the least amount of material required.

The following paragraphs were first published in the
ASTM technical publication STP 447A. The collab-
orative efforts of the authors have produced a section
on sampling technique which cannot be improved
upon. (")

Sampling from a chute or belt
Good accuracy in sampling is obtained where material is

flowing from a chute or belt conveyor. The ideal place to
take the sample is just where the material drops from the
chute or belt. When taking the sample, if the stream is small
enough, use apail or other suitable receptacle which can be
swung completely across the flowing stream in a brief
interval of time and with a uniform movement Under no
circumstances should the sampling receptacle be allowed
to overflow, because the overflow would tend to reject a
higher proportion of the larger particles that exist in a
representative sample. Mechanical sampling devices are
available for selecting scrr.ples automatically from a s^eam
at uniform spaced intervals of time.

Sampling from carload shipments
of course bulk material

For coarse materials, such as crushed stone and gravel,
shipped in railroad cars, a recommended method is to dig
three or more trenches at least 1 foot (30.43 cm) deep and
approximately 1 foot (30.43 cm) wide at the bottom. Equal
portions are taken at seven equally spaced points along the
bottom of the trench by pushing a shovel downward into the
material and not by scraping horizontally. Samples from
trucks, barges, or boats should be taker, in the same
manner as from railroad cars, except that the number of
trenches should be adjusted to size of the transportation
unit and tonnage involved.

Sampling from carload shipments
of fine bulk materials

One established method for sampling a carload of bu'.k
granular material is to take eight equal samples, (approxi-
mately 700 to lOOOgramseach) from the bottom of a 1 foot
(30.48 cm) conical excavation. Samples should be suitably
spaced to represent the length and width of the car and then
combined into a single gross sample.

Sampling bulk shipments of fine material
with a sampling tube

An alternate and simpler method of sampling a carload,
or other bulk quantity of fine or granular material is by use
of a sampling tube which, for this purpose, should be 1 f:
inches (38.1 mm) by approximately 6 feet (1.829 m). Five
or six insertions of the tube will produce approximately, a 1
pound (907-g) sample.

Sampling from a carload of bagged material
One method of sampling a carload of material shipped ir.

bags is to select, at random, a number of bags equal to the
cube root of the total number of bags in the car and to take
suitable portions (800 to 1000 grams for minus 6 mm
material) from each of the selected bags for a combined
gross sample.

Sampling from a pile
In sampling from a pile, particularly material l:.k?

crushed stone or coal containing larg* particles, i: i~
extremely difficult to secure samples that a.-e truly re:--:-
sentative. At the apex of a conical pile, the propc-:icr. ;•"
fines will be greater, while at the base, the psrcer.ta;-: : •'
coarse particles will be greater. Therefore, neither loccr.; -.
will be representative of the whole. In a shoveling p ' o c e - - .
every fifth or tenth shovel, etc., should be taken depend:'^
on the amount of the sample desired. The sample she.id
consist of small quantities taken at random from as ma-.;,
parts of the pile as are accessible and taken ir. a mar.r.-i-
that the composite will have the same grading as the la -/•""
amount.

Reduction of gross sample to
test size for sieve analysis

After the gross sample has beer.properly taken, the .-.-:-:
step is to reduce it to a suitable size for the sieve analyst •.£;:
without impairing in any way the panicle size distribute -.



PERFORMING THE SIEVE
ANALYSIS (cont.)

CONING AND QUARTERING TECHNIQUE

characteristics of the original sample. This phase of the
operation should follow the applicable procedures described
in the succeeding sections, and should be performed with as
much care as was used in the collection of the gross sample
and in making the sieve test.

Coning and quartering
Pile the gross sample in a cone, place each shovelful at

the apex of the cone, and allow it to run down equally in all
directions. This will mix the sample. Then spread the
sample in a circle and walk around the pile, gradually
widening the circle with a shovel until the material is
spread to a uniform thickness.

Mark the fid pile into quarters, end reject two opposite
quarters. Mix cgain ir.to a conical pile, taking alternate
shovelfuls from the two quarters saved. Continue the
process of piling, flattening, and rejecting two quarters
until the sample is reduced to the required size.

Sample splitters and reducers
Gross samples, if not too large, may be reduced to test

sample size by or.e or more passes through a sample splitter
orJor.es type riffler, which will divide a sample in half while
maintaining the particle size distribution cf the original
sample. By repeated passes, the sample car. be split into
quarters, eighths, etc., until the size of the sample desired is
obtained. For la'ger j-oss samples, sample reducers ar-:
available which will select a representative 16 part with a
single pas;. By just two passes through such a unit, a
representative 1 pound sample car. be obtained from an
original 256 pounds. Three passes will give a 1 pound

sample from two tons of material. Always make sure that
the passages in the splitter or reducer are at least three
times the size of the largest particle in the sample. Do not
attempt to arrive at exactly the amount of material specified
for the test If a 50 gram sample is desired, arrive as near to
this amount as practicable, because it will make r.c
difference in the test percentage results whether the sample
is slightly larger or smaller. In attempting to arrive at an
exact weight, the tendency is to discriminate by the removal
of sizes which are not representative of the whole, thus
destroying the representative quality of the sample.

16:1
SAMPLE REDUC:

SAMPLE SPLITTER



PERFORMING THE SIEVE
ANALYSIS (cont.)

Size of Sample in the Test
There is a natural tendency, although incorrect,to use

too large a sample in the test. In most cases, the smaller the
sample the more accurate the analysis. Testing sieves are
the same as a go or no go gauge and too large a sample does
not permit all the particles to present themselves to the
screen surface.

Generally speaking a 25 to 100 gram sample should be
used, however, if it is necessary to establish the correct
sample size follow the following procedure. With a sample
splitter accurately split, select samples of various weights
such as 25, 50, 100 and 200 grams. Run these various
sample sizes on a selected nest of sieves for a period of five
minutes preferably on a mechanical sieve shaker. If the test
with the 100 gram sample shows approximately the same
percentage passing the finest sieve as the 50 gram sample,
whereas the 200 gram sample shows a lower percentage,
this would indicate that the 200 gram sample is too large
and the 100 gram sample would be satisfactory. Then run
the 100 gram sample on the same set of sieves for the same
sieving time to see if you get repetitive results. Once the
correct size sample has been determined use this on all
sieve tests.

A useful table of recommended sample sizes for tests with
200 mm or8" diameter sieves is Table 4. Note thct the table
gives sample sizes listed by volume. Recommended sample
weights in grams can be determined by multiplying the
values in Column 3 and 4 by the bulk density (grams per
cubic centimeter) of the material to be tested rounded out
within a reasonable tolerance. If the actual bulk density of
a certain material is not known, the typical density factor
for the most nearly similar material listed in Table 5, may-
be used.

SIEVE SHAKER
Combined ei'cidcr mozcn a;
the sieve Jtor.i wish cî .Ttci-.j
shock from both beiau: c.--i
above makes th^s shcker ez-
tnmtly effete from *,' rr.esh
through $200 mesh ar.d be-
low.

RO-TAP SIEVE SHAKER
Combined circular motion of the sieve stec* u:uh shoe* from, cbovt tr.i
sieve stack mixes ar.d redisffibuies soti-der on the sieves. Apyllczbit on'
the ASTM E-tl sieve rangt.



PERFORMING THE SIEVE
ANALYSIS (cont.)

To perform the actual sieve analysis, screens should
be chosen in a sequence as described earlier. Use
either every sieve, every other sieve, every third sieve,
etc. between the desired size parameters. The use of
screens in this sequential order will allow for better
data presentation and a more meaningful analysis of
the test results. Care should also be taken in selecting
the proper sieves to avoid overloading any sieve with
an especially large material peak. For example, a
specification may require 969c of the sample be
retained above a #50 mesh sieve. The proper way to
perfom: an analysis of this nature is to use 'relief
screens', that is, sieves in the 30, 35, 40 and 45 mesh
ranges to remove some of the burden from the critical
cut point of 50 mesh. If the relief screens are not used,
the particles of exactly 50 mesh size or slightly larger
will be driven through by the mass of material resting
above them. The screen cut point would be inaccurate
and sample would not meet the specifications for the
test.

The selected sieves should be assembled with the
coarsest sieve at the top of the stack, and the balance
of the stack in increasing magnitude of fineness (increas-
ing sieve numbers). The stack should be finished off
with a cover on the top sieve and a pan below the finest
sieve. At this point, the sieve stack is either shaken and
rapped by hand, or mounted in a sieve shaker with a
motorized or electrostatic drive mechanism.

While many applications still use the hand-shaken
method for sieving, motor driven shakers have proven
to be much more consistent, not having to account for
differences in operators. In the case of powder analysis
below the 100 mesh range, the sieve shaker should' be
equipped with a device to impart a shock wave to the
sieve stack at regular intervals. This hammer or
rapping device is necessary to reorient the particles on
the screen and impart some shear forces to near-size
particles blocking the sieve openings.

The duration of the sieving interval is usually
regelated by industry standards, or by in-house control
specifications. Commonly, 10, 15 or 20 minute tests
are used as arbitrary1 sieving intervals. To determine

• the best interval for a new material, or to double check
. the accuracy of exist ing specifications, the fo!!c'.vir.g

procedure can be used. Select the desired sieves for
the analysis. Weigh up a sample of the material to be
tested ar.d introduce it to the completed sieve stack.
Shake the sieve stack for a period of 5 minutes. Weigh
the res idue in the pan and ca lcula te the percentage in
relat icn to the starting weight. Reassemble the stack

SONIC SIFTER
A i-icble ci^.TicSL-e for f.rj
powder siei-i'^ usir^ c ur.iqxe
oscillating cir column. Trj ef-
fective size rv.gg is 5660 >.m
(3.5 mesh) through 5«rr. usir^
y diameter ccr.vc frame siKts.
This method has the OKVJ^K
of high cccix-cc? x:'i-. c .'cu-
test timt, while shou-uig no
signs of pcrzc'.e czrlzon or
screen wecr.

and shake for one addirional minute. Repeat the
weigh-up procedure and calculate the percentage. If
the percentage of fines increased more than 1/t
between 5 minutes and 6 minutes, reassemble the
stack and shake for an addirional minute. The data car.
be plotted as percentage-throughput vs. time for each
data point you calculate. When the change in the
percentage of fines passing in the 1 minute period
drops below 1%, the test can be considered complete.
Record the total testing time for subsequent analysis.

Another type of sieve analysis is the wet sieve test.
In this method, the sample is weighed and then
washed through the finest sieve in the stack with
water, water with a wetting agent or some other
compatible solvent. After thoroughly washing the
fines from the raw sample, the residue is cried e i t h e r
over a hot plate or in an oven. Care must be taker. ::<
keep the temperature of the sieve below 3CO :F ( l4 r : C
to avoid loosening of the sieve cloth or failure of the
solder joint. After drying, the residue is then s i eved
normally on the balance of the sieve stack. The loss:.-.
weight not accounted for on the coarse screens is
assumed to be fines.

Wet sieve analysis is especially heloful when we rid."
with naturally agglomerated materials, u'traflr.e pr.v-
ders with severe static charges, and in samples whe re
fine particles tend to cling to the coarse f rac t ions in the
blend. The disadvantages associated with wet sievirr
are primarily the rime period required to perform the
analysis due to drying tine and the possible damage :•:
the sieve mesh by overloading. A common p r a c t i c e
with wet sievir.2 operations is brushir.2 or forcing the



PERFORMING THE SIEVE
ANALYSIS (cont.)

sample through the mesh while the liquid medium is
directed on the sieve. This pressure can distort the
sieve openings or tear the mesh at the solder joint
through stress.

" Once the sieving interval is complete, whether dry
or wet sieving is used, the residue on each sieve is
removed by pouring the residue into a suitable weigh-
ing vessel. To remove material wedged in the sieving
openings, the sieve is inverted over a sheet of paper or
suitable collector and the underside of the wire cloth
brushed gently with a nylon paint brush with bristles
cut to a 1" length. The side of the sieve frame may be
tapped gently with the handle of the brush to dislodge
the particles between brush strokes. At no time should
a needle or othe*r sharp object be used to remove the
particles lodged in the wire cloth. Special care should
be taken when brushing sieves finer than 80 mesh.
Brushing can cause distortions and irregularities in
the mesh. The procedure is repeated for each sieve in
the stack and contents of the pan.

The individual weights retained on the sieves should
be added and compared to the starting sample weight.
Wide variations or sample losses should be determined
immediately. Compare the weights on each sieve with
the total sample weight and calculate the percentage
of the total retained at that point.

Presentation and analysis of the resulting data is
frequently made easier by plotting on one of a number
of graph formats. The most common graphic presenta-
tion is the plot of the cumulative percentage of
material retained on a screen (plotted on a logarithmic
scale) versus percentage (plotted on a linear scale).
The resulting curve allows a quick approximation of
the sieve size at the fifty percentile point of accumula-
tion. The curve also shows the smoothness of the
distribution by revealing the presence of bimodal
blends in the sample. Other plotting techniques include
log-log and direct plotting of micron size versus
percentage retained.

COMMONLY USED BRUSHING TECHNIQUE

Care should be exercised in the analysis of the data
in relation to the length of time the test was run. If your
sample contains a large amount of elongated or near-
size particles, the test results can be misleading. The
longer the sieving interval,the greater the percentage
of these problem particles passing through the screens.
Ideally each fraction should be inspected microscop-
ically after sieving to determine the integrity of the
sieve cut point.

Table 6 lists the ASTM published standards or.
sieve analysis procedures for specific materials o:
industries.

11



CHAPTER?

SIEVE CARE AND CLEANING

Test sieves, like any other piece of analytical
laboratory equipment, require regular care to maintain
their performance standards. The sieves should be
kept clean and dry at all times, and stored either in the
cardboard carton provided or in a suitable cabinet. In
order for the test sieve to perform properly, the wire
cloth must be taut and free from variations in opening
size. For this reason, cleaning procedures must be
clearly delineated as part of a comprehensive sieving
program.

Test sieves should be cleaned ultrasonically on a
regular basis. For some installations, this may be done
at the end of a shift or at the end of a w^ek, but must be
done regularly to assure good sieving results. The
sieves should be immersed in an ultrasonic cleaner
filled with a solution of a mild detergent and water.
The sieves should be cleaned for a suitable time
interval (follow manufacturer's instructions). Before
using, allow the test sieves to dry thoroughly. Regular
ultrasonic cleaning will prevent the buildup of particles
trapped in the mesh and prolong the useful life of the
sieve. For between test clean-up, brushing of the
mesh, sizes 100 and coarser, is allowable. For best
results, use a nylon bristle paint brush with the
bristles cut to a length of approximately 1". The mesh
should be brushed from the underside only with a
gentle circular motion. Vigorous brushing will distort
the sieve openings and reduce the effective life of the
sieve. Under no circumstances should panicles lodged
in the sieve openings be removed with a sharp object.
These particles should be removed in an ultrasonic
cleaner only. Brushing should be avoided on sieves
finer than 100 mesh, as the fine wires are more likely to
bend,distort or even break. Brushing has a tendency
to looser, any wire cloth, but the fine ranges are ever,
more susceptible to this damage.

Similarly, cleaning'sieves with a compressed air je:
is common, but can be disastrous to the 100 mesh a.-.d
finer range. The concentrated jet of air can do severe
'local' damage to the wire cloth, and significantly
loosen the wire cloth.

Generally, sieves can have an effective life of rr.ar.y
years with proper care. The wear that occurs over :L— e
does not change the opening sizes, but does abrade
the 'knuckles' or criir.os of the mesh. A sieve w::h 2

noticeable sag to the mesh should be replaced. Fine
mesh sieves that have torn should not be resoldered,
as the localized heat of the soldering iron can distort
the openings. Epoxies have been used for repairs, but
usually tend to block a large percentage of the
openings. The typical epoxies also become too brittle
for the flexing of the wire cloth and can fracture with
use.

Good general laboratory procedure should be ob-
served with testing sieves as with any other piece of
test equipment. Testing should be performed with
clean, uncontaminated sieves, especially when using a
sieve for the first time. With proper care and cleaning
coupled with a good calibration procedure, any test
sieve should provide many years of consistent service.

WIRE CLOTH DAMAGED BY IMPROPER BRUSHING

12



EPILOG

V/e hope that the characterization of testing sieves and their uses presented in
this manual will sene as an enhancement to your current particle size analysis
program. By maximizing the analytical advantage potential of testing sieves
while minimizing and compensating for shortcomings and inaccuracies, the
testing sieve can be a viable and precise testing tool. Care, maintenance and
proper test procedure are as critical with a testing sieve as they are with other,
more sophisticated particle size analyzers.

Compliance with applicable industry, National and International specifica-
tions is essential. The intent of these regulating bodies is the formulation of
general standards to assure uniformity in testing standards observed by both
buyer andproducer. The accepted specification should be the foundation for the
in-house testing procedure.

Testing accuracy is highly dependent on the technique of the operators.
Interpretation of data should be neither overstated nor understated in terms of
importance. The effects of variables must be understood, accepted and factored
into final data analysis to avoid these shortcomings.

By analyzing the total test sieve analysis program as we suggest from sample
preparation to data presentation, variations can be reduced, accuracy improved,
and productivity increased.



BIBLIOGRAPHY

1. Alien, Terence, Particle Size Measurement,
Chapman and Hall, New York, 1981.

2. Leschonski, Kurt, "Sieve Analysis, The Cinderella of Particle
Size Analysis Methods?", Powder Technology,
Elsevier Sequoiz S.A., Lausanne, 24 (1979).

3. Heywood, Harold, Proc. Particle Size Analysis Conference, Bradford, 1970.

4. Leschonski, Kurt, Ibid.

5. Kaye, Brian, Direct Characterization of Fine Particles,
John Wiley and Sons, New York, 1981.

6. Gaudin, A.M., Principles of Mineral Dressing,
McGraw-Hill, New York, 1939.

7. , Manual or. Test Sieving Methods — ST? 447.-
Arr.erican Society of Testing and Materials, Philadelphia. 1959.



U. S. A. STANDARD SIEVES ASTM SPECIFICATION E-11
Nominal Dimensions, Permissible Variations for Wire Cloth of Standard Test Sieves (U.S-A.) Standard Series
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S3 mm
50 mm'
45 mm
37.5 mm
31.5 mm
26.5 mm
25.0 mm*
22.4 mm
19.0 mm
16.0 mm
13.2mm
12.5 mm*
11.2mm
9.5 mm
8.0mm
6.7 mm
6.3mm1'
5.6 mm
4.75 mm
4.00mm
3.35mm
2.80mm
2.36 mm
2.00mm
1.70 mm
1.40 mm
1.18 mm
1.00mm
850pm'
710pm
600pm
500pm
425pm
355pm
300pm
250pm
212pm
180pm
150pm
125pm
106pm
90pm
75pm
63pm
53pm
45pm
33pm
32pm
25pm
20pm

5 Li.
4.24 in.
4 in.'
3* Li.
3 Li.
2'.-. Li.
2.12 in.
2 in.'
!3/4 in.
IViLi.
r/«in.
1.06 in.
lin.'
'/•in.
V, in.
Hin.
0.530 in.
Win.'
Vu in.
Hin.
Via in.
0.265 in.
'/« in.'
No. 3W
No. 4
No. 5
No. 6
No. 7
No. 8
No. 10
No. 12
No. 14
No. 16
No. 18
No. 20
No. 25
No. 30
No. 35
No. 40
No. 45
No. 50
No. 60
No. 70
No. 80
No. 100
No. 120
No. 140
No. 170
No. 200
No. 230
No. 270
No. 325
No. 400
No. 450
No. 500
No. 635

5
4.24
4
3.5
3
2.5
2.12
2
1.75
1.5
1.25
1.06
1
0.375
0.750
0.625
0.530
0.500
0.43S
0.375
0.312
0.265
0.250
0.223
0.187
0.157
0.132
0.11
0.0937
0.0787
0.0661
0.0555
0.0469
0.0394
0.0331
0.027S
0.0234
0.0197
0.0165
0.0139
0.0117
0.009S
0.0083
0.0070
0.0059
0.0049
0.0041
0.0035
0.0029
0.0025
O.OC21
0.0017
0.0015
0.0012
0.0010
0.0008

±3.7 dm
±3.2mm
±3.0 aa
±17 ram
±12 ma
±1.9 mm
±1.6 mm
±1.5 mm
±1.4 mm
±1.1 mm
±1.0 mm
±0.3 nm
±0.8 mm
±0.7 mm
±0.6 mm
±0.5 mm

±0.41 mm
±0.39 mm
±0.35 mm
±0.30 mm
±0.25 mm
±0.21 mm
±0.20 mm
±0.18 mm
±0.15 mm
±0.13 mm
±0.11 mm.
±0.095 mm
±0.080 mm
±0.070 mm
±0.060 mm
±0.050 mm
±0.045 mm
±0.040 mm
±35 pm
±30 pm
±25 pm
±20 pm
±19 pm
±16 pm
±14 pm
±12pra
±10 pin
±9pm
±Sua
±7pa
=5pa
=5 pa
±5 pa
±4pm
±4p=
±3pm
±3pm
±3pm
±3p=
±3pm

130.0 me:
110.2mm
104.0mm
93.6 mm
78.1 mm
65.6 mm
55.2 mm
52.1 mm
46.9 mm
39.1 mm
32.9mm
27.7mm
26.1 mm
23.4 mm
19.9mm
16.7mm
13.83mm
13.10 mm
11.75 mm
9.97mm
8.41 mm
7.05mm
6.64mm
5.90 mm
5.02mm
4.23mm
3.55 mm
2.975 mm
2.515mm
2.135mm
1.820 mm
1.505mm
1.270mm
1.080mm
925pm
775pm
660pm
550pm
471pm
396pm
337pm
283 pm
242pm
207pm
174pm
147pm
126 pm
108pm
91pm
77 pm
65pm
57pm
43 pm
42pm
34pm
29pm

130.9 ma
111.1 mm
104.3aa
94.4 aim
78.7 mm
65.2mm
55.7mm

_516 mm
47.4 mm
39.5 cam
33.2mm
23.0 mm

26.4 mm
23.7mm
20.1 mm
17.0mm
14.05mm
13.31 mm
11.94 mm
10.16mm
8.53 mm
7.20mm
6.78 mm
6.04mm
5.14 mm
4.35 mm
3.65 mm
3.070mm
2.600 mm
2.215mm
1.890mm
1.565 mra
1.330 mm
1.135mm
970 pm.
815 pm
695 pm
565pm
502pm
425 pea
363 pa
3C6po
263pm
227pm
192p=i
163 pm
141 pta
122 pa
103pm
69 pa
76 pa
65 pa
57 pa
50 pa
41 pa
35pm

s.oo
6.40
6.206. eg
5.30
5.50
5.15

- 5.05
4.35
4.59
4.23
3.90
3.SO
3.50
3.30
3.00
2.75
2.67
2.45
2.27
107
1.87
1.S2
1.63
1.54
1.37
1.23
1.10
1.00
0.900
0.810
0.725
0.650
O.ScO
0.510
0.450
0.390
0.340
0.290
0.247
0.215
0.150
0.152
0.131
0.110
O.C91
0.075
O.C*4
0.053
0.044
0.037
O.OCO
0.025
0.02S
0.025
0.020

• The average diameter of the warp and of the shoot wire*. taken scparauly. of the cloih of any itcvt shall not dcviau from :he &ocir.aj vaiu** by car* •j'.a.t cht foUoT.-.
Sieve* cotrur than SCO j/ra S percen:
Sieve* 600 to 125 im TVi p«rctnt
Sieve* ILier than 12*1 vra 10 percent

^ These standard designations correspond to the value* for t«9t sieve aptrru.-e* rtcocnended by the International Standards Or^mi^a^on. Geneva. 5*^— friar.i.
* Only approximately equivalent to the tr.ecric values in Column I.
' These sieves are not in the sundard series but they have b**n included b*caue •J-.ey are in corccon u«(t.
' These numoen(3'-ita(x>S)are*.he approxima ten umb«r of op*run{sp«r linear ir.ch but it id preferred thai the sieve oeidcr.z5.ed by theiU

Biicromeurs.
f 1000 urn — 1 mm.
' Not nore than S^ of the openi2(i may fall between the liaita s«t by the value* in Column J and Colucn S.

iUL-.dard cesi^.adon In mi .̂T-.e'.*^ :r

Table 1 15



INTERNATIONAL STANDARDS ORGANIZATION
PREFERRED NUMBER SERIES

R 10

Table 2

Bute aim
culuctttrs

R I O IUO
uri
(for icfonutwo)

1.00

1.25

1.60

2.00

2.50

3.15

4.00

5.00

6.30

8.00

10.00

12.5

16.0

20.0

25.0

1.00

1.12

1.25

1.40

1.60

1.80

2.00

2.24

2.50

2.80

3.15

3.55

4.00

4.50

5.00

5.60

6.30

7.10
8.00

9.00

10.00

11.2

12.3

14.0

16.0

15.0

O "^ ^

2° 4

25.0

•1.00
1.06
1.12

•1.15
1.25
1.32

•1.40
1.50
1.60

•1.70
1.80
1.90

•2.00
2.12
2.24

•2.36
2.50
2.65

•2.80
3.00
3.15

•3.35
3.55
3.75

•4.00

4.25
4.50
4.75
5.00
5.30

•5.60
6.00
6.30

•6.70
7.10

•3.00
8.50
9.00

•9.50
10.00
10.5

•11.2

1I.S
12.5

•13.2
14.0
15.0

•15.0
17.0
15.0

".9 0
:o.o
21 °

91-1 4

r, 5
25.0

0.039 4
0.041 7
0.044 1
0.046 5
0.049 2
0.052 0
0.055 2
0.059 1
0.063 0
0.066 9
0.070 9
0.074 8
0.073 7
0.083 5
0.088 2
0.092 9
0.098 4
0.104 3
0.110 2
0.118 1
0.124 0
0.131 9
0.1398
0.147 6
0.157 5

0.167 3
0.1772
0.187 0
0.196 9
0.208 7
0.220 5
0.236 2
0.248 0
0.263 8
0.279 5
0.3150
0.334 6
0.354 3
0.374 0
0.393 7
0.417 3
0.440 9
0.464 6

0.4°: i
0.519 7
0.551 S
0.590 6
0.629 9
0.565 3
0.70; 7
0 TJ? 0
C.73T 4
0.534 6
o.s=: 5
C.9'29 !
0.9 = 4 3

15
R-'.O — 7(=:i P.oct of i

P. 70 — T»*r.= «^2 roc:
F, 40 — Fcnetii r*»i o!



COMPARISON TABLE
I N T E R N A T I O N A L TEST SIEVE S E R I E S

I N T E R N A T I O N A L
ISO 58S rT8t_r): 1983

Aptrari
E3

100.00
90. CO
71.00
63.00

50.00
45.00

31.50
26.50
-

22.40
19.00
16.00
13.20
-

11.20
9.50
8.00
6.70
_
5.60
4.75
4.00
3.35
2.80
2.36
2.00
1.70
1.40
1.18
1.00
850wm
710*m
600Mm
500 um

425 t fm
355>im
SOO^m
250^m
212 -m

ISO^rn
130>im
125Mm
106*m
90^m
75>im
63*m
53nm
45«m
3S*m

A M E R I C A N
ANSl/ASTM E-M-S1
Optaiaj

ea

106.00
100.00

90.00
75.00
63.00
53.00
50.00 .
45.00
37.50
31.50
26.50
25.00
22.40
19.00
16.00
13.20
12.50
11.20

9.50
8.00
6.70
6.30
5.60
4.75
4.00
3.35
2.30
2.36
2.00
1.70
1.40
1.13
1.00

850>jm
"lOjjm
600um
SOOum
425«m
355«m
300Mm
250->rn
2 12 urn
ISO^m
150>im
125*m
106 «m
90 Mm

75wm
6o»*m
oo^rn
45Mm
3S Mm

Esuiviitst
inclvNusb*:

4.24"
4.0"
3 1/2"
3"
2 1/2"
2.12"
2.0"
1 3/4"
1 1/2"
1 1/4"
1.06"
1.00"

7/S"
3/4"
5/8"

.530"
1/2"

7/16"
3/8"

5/16"
.265"

1/4"
"No.Tl/2~

4
5
6
7
8
10
12
14
16
13
20
25
30
35
40
45
50
60
70
SO

100
120
140
170
200
230
270
325
400

BRITISH
BS410: 1S79

Aperurt
d=

106.00
100.00
90.00
75.00
63.00
53.00
50.00
45.00
37.50
31.50
25.50
25.00
22.40
19.00
16.00
13.20
12.50
11.20

9.50
8.00
6.70
6.30
5.60
4.75
4.00
3.35
2.80
2.36
2.00
1.70
1.40
1.13
1.00

850Mm
710Mm
600 Mm
500 jjm
425i.m
ooo^m
300^m
250^m
212am

IJO^m
ISOum
125 wm
106wm
90^m
75nm
63><m
53>*m
45 ̂ m
33 »m

£;uivbtat
BS M,,h

3
3 1/2

4
5
6
i

8
10
12
14
16
Is
22
25
30
35
44
52
60
72
e5

100
120
150
170
200
240
300
350
400

CANADA
»-GP-2M: 1978

Aprrrun
"•"

100.00
90.00
71.00
63.00
53.00

. 50.00
45.00

31.50
23.00-
25.00
22.40
20.00'
16.00
14.00-
12.50
11.20
10.00-

8.00
7.10-
6.30
5.60
_
4.00
3.15-
2.80
2.50-
2.00
1.60-
1.40
1.12-
1.00

SOO'^m
710>im

_
500 um
400%m
355am
315'Mm
250^m
200%m
ISO^rr.
140%m
125 -rr.
100'Mm
90-rn
71*Mm
63 ̂ m
55*>>m
45-m
36%m

F R E N C H
AFNCR NEX11-SO1: 1 970

Ap«.-=i--t
=3

100.00
90.00
71.00
63.00
53.00
50.00
45.00

31.50
23.00-
25.00
22.40
20.00*
16.00
14.00*
12.50
11.20
10.00-

8.00
7.10-
6.30
5.60
-
4.00
3.15*
2.SO
2.50-
2.00
1.60-
1.40
1.12*
1.00

800->..Ti
710Mm

—
500 »rn
400Vni
355urn
3li'»m
250-rn
200',,^

l:0»rr.
140'^rn
125. m
lOO'.m
90. n
71-^m
63. m
55'^m
45 -.TI
3€'»rn

GESW*.1*
CIN 41M: U77

ApcrriT
=-=

1GO.OC
90.00
71. CO
63.00
53.00
50.00
45.00

31.50
2S.CO'
25.00
22.40
20.00'
15.00
14.00*
12.50
11.20
10.00*

8.00
7.10*
6.30
5.60
-
4.00
3.15-
2. SO
2.50*
2.00
1.60'
1.40
1.12*
1.00

SOO'^m
710wm

--
500«m
400'.^.
355^m
315*>rn
250 -m
200* r*
IJOu.T.
140'. m
125-m
100*, rr.
SO r-
~ ' * —
63 i.m"
55-Mfr.
45^rr.
T • • .--.

'Cloits: t^-jii-der.: to ISO 565 (T3L 2)

Table 3
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RECOMMENDED REPRESENTATIVE
BULK VOLUMES OF TEST SAMPLES

Used In 8" (203mm) Testing Sieves

BULK DENSITY OF PULVERIZED MATERIALS
IN FREELY POURED CONDITION

Standard Sieve Designation Bulk Volume of Material

Sundtrd

i
25.0mm

22.4
19.0
16.0
12.5
11.2
9.5
8.0
6.30
5.60
4.0
2.80
2.0

1.40
1.0

710vm
500
355
250
180
125
90
63
45
38

Alurr.ite

2
1 in.

7/8
3/4
5/8
1/2
7/16
3/8
5/16
1/4

No. 3 1/2
No. 5
No. 7
No. 10
No. 14
No. IS
No. 25
No. 35
No. 45
No. 60
No. 80
No. 120
No. 170
No. 230
No. 325
No. 400

Recommended Votujne
of Material for
Tot Sample

3
1800cm3

1600
1400
1000
800
800
600
500
400
400
350
240
200
160
140
120
100
80
70
60
50
40
35
30
25

MAiiuua Permitted
Voiuae on Steve on

CocptctioD of Sievuif

4
900c=5

800
"00
500
400
400
300
250
200
200
150
120
100
80
70
60
50
40
35
30
25
20
17
15
12

Tne recommended weight of material (or a sie-.-e test scmp'te is
calculated bv multiplying the bulk volume figure in Column 3 bv the
particular bulk density ir. grcrr.s per cubic centimeter of the mc'.tricl,
rounded out u-ithin a tolerance of ±25 percent.

Table 4

VUuriAi Avf, Wt. . . A.t »'t , , *«!• 'A -. SUte.-Ji fc N:ate.-jJ
IWft.3 t'm* IbiVf^3 f'ca3 fci.-f-.J tr=*

AJunun*
AJurcinuo.

CaVJcinrd

Aluaujium oxide

Xuainum shot
A^unoruuzn ni tri 1 1

44

123

122

96
48

Ammonium - fulfill
. -

Aib*stA« ort
B*uutt on

Btntotiitc

Bicirbon«tt of
KMU

Boru

Bone »cid
Ciicitr

_
61
54
75

to 85
50

to So

S7
50

to 61
M
90

1.23 Cara.1
C'.A4> beads

2.06 CLua. eruiKfd

1.96 Claja rjUet

1.54 Cn=iu.
0.77 crujied

Cn.ti

0.93 G>7sua. ulcned
0.87 Gyptum.
1.20 cubed

U1.36
0.30 trone ore

to 1.04
K>otu

0.91 Kya.-jte
OJO Lice, pound

U0.98
0.93 Liae. bydrated
1.44 TJaestont.

1M
75
66

93

95
to 100

90
to 100

58

90
to 100

120
to 150

160
60
60
60
25

lo 105 to 1.62
Cilciun evbid*

- . . .
Calcium

cirbonatt
Caiciua chloride
Calcium

phojpKate

Ctfbon bUck

Cellule** ponder
Ctm«nt.

porUnd

Cement clinker

CHrotr* ort
CUy

CotL ir.thnci'.e

CM!, btcurunoux
Coke bf f t i*

Coke.
p«:roleun

Coppf r ort

Cscu;r.» ir.t'.\

Com iiArr'
i'1|^jeioul

*£,".,.
Do'.cn^e.

erjlhei

Felcjpa.-. c.-iir.e.

Ferr;pr»>p:-.ers';
F.-e cUy
r.aur. »r.e»l
FV.r. =ll::e

r. 11-

?..<•! e ».-.-.

c - 'A'-,, : ,„,

>c-.-^ a icnpi'e

75

49
(4

57

24

16

90
to ICO

75
to 80
140
30

to 75
55

50
25

toJS

25
to 40
100

to 150
90

40

3:

90
to 100

d 65
to 34

i 195
SO
2)
3:

to 120
4?

:c
t; 40

! * a n
rf l--r i

1.20 r-jhtd
.

Laeston*.
0.79 a(rc-Jnjrml
1.03 Map^iite

Map.ecu
0.91 NUB{«cei« or*

0.33 Marble, cruihed

85
14 100

70
106
155
120

to 136
90

to 95

2.89 SaXrock 66 '. :5
1.22 SaXtaiie 73 1.2:
l.S* Said 90 '..*•

u> 100 al .- :
1.49 Sand, itca 90 1 <-

to ICO 'jo : -.'
Sa»dun 13 0.:?

1.52 Seanau 42 0 i'
to 1.60

1.44 Staie 100 1 i-
to 1.60

0.93 Shot. =eui 2:0 3 5-
Suici Cour 27 0.-:

1.44 Siici {ei 43 07:
toL 50

1.92 Soapitcce.
•J52.40

2.56 pvilver^ed 40 C -:;
1.09 Socj ik-.
0.96 5|r.: 23 0 ; :

to 35 a: •:•;-
0.40 Sod. iii-

beiw 55 05-
to 55 a'..:;

1.3S Sedi. bictrbonate 57 OK
ul.iO

So<i:u= ««:« 73 1.2!
1.12 Soius paoipKale 43 0 ~
1.70 Sod:u= rul'au 95 1 3-i
J.49 Steel r-- --i 3 J'
1.92 Sior.e. c.-jhe<i 85 I.:*

u 2.13 to 35 tc 1 .i:
1.44 Sufa.-. p»=uiited 50 0-:

to: 3:
0.25 Meuli. soldered

AIu=i.tura
1.44 Copper

to 1.60
1.20 Copptr-lead

ul.29
2.25 Inn
0.43 Mckel

to 1.20
0.38 StaL-Jeii iteel

0.38 Tinulun
0.40 Mica

Ore. littered
0.40 Oyiter thclU.

UO.S4
1.50 c-xir.d

to 2. 40
1.23 Pfr^re =re

0.64 p'jittr. ckcired

o.io ?f::»-j

p.jv K.j.sj

1.44 cr.orde)
lo '..50

1.04 Piuis
a 1.35

314 ?3uii:-j=
1.2- cx-:crj:e
0.24 P-^-v.-f
0 59 ?..::«:. :•:;;«•

a l . > 2
0 73 prx-ip-jre ^c«

0 ;5 ;«::. r.i»»
aO.:;

rwi-c"; ;cao*=:3~- iw:
ie-!» •nc^-i.

10
169

364

243
253

2;0

300
42

144

29

65

S.

,.

j ;

30

77

7?
^:

7 •-
a -i

51

-T ;.,

1.23 S«|»r. po«ered 37 0.3r
2.71 Sulphur, cr.ar.ei 50 0.::

u 5 3 ua 1 . : •;
5.34 Taic. po»Cf.- 2i C ;i

3.?0 Talc, jrx-.-jli.- 4; 0 .7;
4.22 Tnpr^ci.

crjied 105 'l.sj
3 55 to 1 10 a 1 7i

4.30 Triple fup«r;««-
0.57 prj:e. puular 6- 1 53

1.32 T»|i:es ca.-i.de 5;0 S j:
Vrei ;.-_;i 43 C :5

047 \>.-^:.r^^:e srr :1 1 I-

1 :; "A :« :r.:> '.' '. : .

~.'::":.-c -..,•. :,. :;.
g =; -"III". I" I^.V ', - "-•

o :?
0 i;

i ::

i.:~
C ='
C : -
c ::
1 *;

lc '. . - :
C •:

•,--.-:•;::..--•:. r.,-^-- .;-,- ̂  . --

Tables



LIST OF ASTM PUBLISHED STANDARDS
ON SIEVE ANALYSIS PROCEDURES FOR
SPECIFIC MATERIALS OR INDUSTRIES

Ute-J

-' . black ......

Ca.- ............

Co .............

G . . . . . . . . . . . .

V. .nin. . . . . . . .

spout .0 rs . .

Metal Bea.-.-.:

A-5TM Sieve No.
£eii{- or Siie
tacon Title of Standard Puiie

No. 2 CO Sieve in Mineral Ajpt-

C 125 Cefirjlicrj ofTerris Relacnj-j
Concrete and Concrete Atjr*-
latei

C 136 Test for Sieve or Screen Analy 3.., ^.^CO
sis of Fine and Coarse Afire*
(ales *

C 142 Tut for Friable Particles in 1^ a.-20

C 330 Specifications for L!(hnret|ht « •„ IQQ
A{{re|atei for Strjcrural Con-
crete

C 331 SpeciTicacocj for Li(hrwei|ht 3,'4 in.-lCO
A((ref af ei for Concrete Mason-
ry Units

. ..D 2.339 Test for Bauer-McNen Wet C!«s- 4-325
sification of Asbestos Fiber

turn of AsphaJt and Mineral
Matter

PeOeted Carbon Black
D I S H Test for Pellet Sue Distribution 10-120

of Carbon Black
D 1314 Test for Sieve Reiidue from 3C-325

Carbon Black
. . . D 2 3 3 2 Ten for Sieve Analyiii of Dale- 4-270

in and Isolated Soy Protein

of Cersnic \V>j[i»-are Clayi
C 371 Method for Sieve Analyiii of 70-325

Nonplaitic Pulverized Ceracic
Maier.ali "

of Pondered Coal *
D 310 Tut .'or Siie of Anthracite ' 4 3/3 in.-

:/is •>.
D311 Test for Sieve Analyiii of i ^.ij

C.-Jshed Birusunous Coal •
D 410 Ten for Screen .^.islyiis « L-.-200

of Coal '
D 43: Method of D«iirr-"-"J the Si:e i L-.-200

of Coal frctn its A.-.aIyiii

Cerr.ir.t by the No. 100 ar.d 200 2CO

C 430 Tin for r L-.er.eii of H>drai:lic 325
Cirr.erit by the No. 323 Sieve

. . . . . C 235 Method .'or Sieve Analvsis of
Wet Muled and Dry Milled
Parciiain Er-ar-.el 40-3:5

.Raw Materials for GLass
Manu/acture *

D 121; Tut fcr Sieve Ar.aiyiu of
Giall Spheres

PUiuc Ciic-.-.ed N:a{r.eiia

Ntethod for Sieve Ar.aiyiii of
. . . . . . C 23 j Mjrr.eiiu.T. Or-cl-Jor.de Carr.po-

- " ii::cr.i. A;{re{itei and rii!en

Ten for Particle Size or Screen

for Metal Bea.-in( Orel ar.d
Riiated MateraJi •

Granula.- Metal Panders

Dry Wit
X

X

X

X X

X X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X X
X X

X

X

X X

X

Material

Mir.e.ii . . . . . . .

Piriite . . . . . . . .

P\trr.er.u and

PUllic .......

s«a.. . . . . . . . .

6 — .4 Jo. C i

A5T7.I
Ceiii-
nacon

. . . . . . . . D 151

D n:

D 549

. . . . . . . . . C 549

......... D 133
D 4*0

.......... C 92

........ D 14JT

D 1TW

D2137

......... D 302

. . . . . . . . .D 421

D 4 2 2

D 1140

D 2217

......... .C 51S

juuriho'u 91 ic

S.«*» No
Of 5.:?

T'Je of Standard P_ir.$-

Cruruiar Mirerai Su.r'ic-_-.i 'or
Aj;r.ait Roofing i.-fi ;X.rj:M 3

grinuia.- Mineral Sur'jcv.r. for
Aipr-all Roofing and Sr...-.£ti *

Tin for Sieve Anaiyiis of
Mieeral r Uler

FiiJ Inaulalion*

Tills for Co«rie ParJclei in 325

Methods of Sanpiir.j ar.d Tut- :^-325
in {Aluminum Powder ar.d ?n:«

Arjiviia) of Plaiuc Materjji

Waier Content of
Refractory Materials

carbon Reiin Moidint ar.d
Err-^sion Material!
Method for Par.ic!e Size A.-_a!y
sii of Powdered Poly=en ar.d
Copolyaen of Vinyl CrJor.ce

Tens .'or Physical and Che=t:cal |. ;00
Properties of Ion-£xchar.{e
Reiirj «

Scapi and Other D«:er;«:u

5c:i Samples for Grain-Sue 4"
Arjlyiis and Deterrr^r.aLon
of Soil Constants
Method for Grain-Size 3 ^---200
X-jIyiu of Sods
Tut Jbr .Vjnount of Mate.-.ai 40-2CO
in SoCa Finer Than the
No. 200 Sieve
Method foe We« Preparation of 10-iO
Sou Samples for Gnin-Si:t
X-j:> lis and Deterr=i.-j=oa
of Scil Coniunts

Locie F 3 ksv::at-on -

•̂ 7-, r:«« -̂.« •*;:?.<:.. A~:-.,* i'.-",-.

:-. •* • •
V

X

X X

X

X

X X

X

X

X

A

X

X

X

.. - - -

Table 6

19



Other products available from the publisher of this manual:

THE ATM SONIC SIFTERS

The Model L3P Laboratory Sonic Sifter

A viable alternative for fine powder sieving using a unique
oscillating air column. The effective size range is 5660 pm
(3.5 mesh) through 5 ^m using 3" diameter acrylic frame
sieve. This method has the advantages of high accuracy with
low test times, while showing no signs of particle attrition or
screen wear.

Model P60 '^

The Model P60 Production Sonic Sifter

60 square inches of screening area are available in this
single screen, single pass continuous feed sonic sifter. The
effective screening range is 5660 >*m (3.5 mesh) through 20
^m (635 mesh). Ideal for pilot plant and small production
application, this modular sifter is capable of input rates of up
to several hundred pounds per hour.

The Model P250 Production Sonic Sifter

Two 125 square inch screening modules provide input
rates of up to 1000 pounds per hour in this high accuracy,
single pass sifter. An upscaled version of the model P60.

Model P250



This manual was edited by Scott Xnshcrt end Walter Mahlig.



ATM TEST SIEVES, INC.
645 South 94:h Place

Milwaukee, Wisconsin 53214
(414)453-4222

FAX (414)453-1033
Made in U.S.A.
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THE LEADER IN SIEVING TECHNOLOGY
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MATERIAL DESCRIPTION

O Brown
L. Brown
D Brown

Lean CLAY, Little Sand
Lean CLAYi Some Sandi Tr».c» Gravel
Lean CLAY, Trace Sand

Project No.: 5822.41
Project:
0 Sample: TP-1 SAMPLE #36 1.5-3.0 FT
£ Sample: TP-2 SAMPLE # 3 0 1.0-2.5 FT
D Sample: TP-3 SAMPLE #3 S 1.0-2.5 FT
Date: 5/14/91

GRAIN SIZE DISTRIBUTION TEST REPORT

WARZYH ENGINEERING INC.
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CL
CL
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TESTED BY jQjCC^ | (L&

CHECKED BY A ,V^S
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Sheet No.
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Date: 07/14/89
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May 6, 1983
99194

PARTICLE-SIZE ANALYSIS OF SOIL

ASTM D 422-63

Procedure to make dispersing agent and calibration:

1. Add 40 grams Sodium Hexametaphosphate to 1000 cc of De-aired
Demineralized Water at 20°C. (160gm/4000cc)

2. Add 11.7 grams Sodium Bicarbonate to each lOOOcc of agent (brings PH
to 8.3) (35 gm/4000cc)

3. Allow to Stand for 24 Hours Before Using. Mix Thoroughly.

4. Mark Stock Solution with Date and Discard at 30 days.

5. Each Soil Sample Receives 125 ml of Stock Solution.

6. Add 125 ml of Stock Solution to a 1000 ml Sedimentation Cylinder and
Fill to the 1000 ml mark with Demineralized Water at 20° C.

7. Record Correction Factor with a 152H Hydrometer. Record Temp, (should
be 20°).



HYDROMETER CORRECTION

FLUID

Cold Tap Water

Hot Tap Water

Hot Tap Water

Cold Tap Water

Distilled Water

SOLIDS ADDED

None

None

Deflock Agent

Deflock Agent

Deflock Agent

HYDROMETER READIN:
GM/LITER (152 H Kvdrc:

+ 1

0

+6

+7

+6

99194.00
DWA/mml/DWA
[mm!-401-92]
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Desicnat icn: D 854 - 83

Standard Test Method for
SPECIFIC GRAVITY OF SOILS1

This standard is issued under the fixed designation D 85-4; the number immediately following the designation indicates the >ear of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (<) indicates an editorial change since the last revision or reapproval.

1. Scope
1.1 This test method covers determination of

the specific gravity of soils by means of a pyc-
nometer. When the soil is composed of particles
larger than the No. 4 (4.75-mm) sieve, the
method outlined in Test Method C 127 shall be
followed. When the soil is composed of particles
both larger and smaller than the No. 4 sieve, the
sample shall be separated on the No. 4 sieve and
the appropriate test method used on each por-
tion. The specific gravity value for the soil shall
be the weighted average of the two values (Note
1). When the specific gravity value is to be used
in calculations in connection with the hydrome-
ter portion of Method D 422, it is intended that
the specific gravity test be made on that portion
of the soil which passes the No. 10 (2.00-mm)
sieve.

NOTE 1—The weighted average specific gravity
should be calculated using the following equation:

I
P,

where:

Pi =

G2 =

100(7, 100C2

weighted average specific gravity of soils
composed of particles larger and smaller
than the No. 4 (4.75-mm) sieve,
percent of soil panicles retained on the
No. 4 sieve,
percent of soil particles passing the No.. 4
sieve,
apparent specific gravity of soil particles
retained on the No. 4 sieve as determined
by Test Method C 127, and
specific gravity of soil particles passing the
No. 4 sieve as determined by this test
method.

1.2 The values stated in acceptable metric
units are to be regarded as the standard.

1.3 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport to address all of the safely prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior to use.

1. Applicable Documents
2.1 ASTM Standards:
C 127 Test Method for Specific Gravity and

Absorption of Coarse Aggregate2

C 670 Practice for Preparing Precision State-
ments for Test Methods for Construction
Materials2

D 422 Method for Particle-Size Analysis of
Soils3

E 12 Definitions of Terms Relating to Densi ty
and Specific Gravity of Solids, Liquids, and
Gases*

3. Definition
3.1 specific gravity—the ratio of the mass o:" a

unit volume of a material at a stated temperas re
to the mass in air of the same volume of gas-free
distilled water at a stated temperature (per Def-
nitionsE 12).

'This test method is under the jurisdiaion of ASTM C; -
mittee D-18 on Soil and Rock and is the direct rrsponsibii'.:. .
Subcommittee D18.03 on Texture, Plasticity, and Density Cr._:
acteristics of Soils.

Current ediiion approved Nov. 23, 1983. Published Ja-u;-
I9S4. Originally issued as D 854-45. Last previous e-J::.;
D 854-58 (1979).

2 Annual Bock of ASTM Standards. Vol 04.02.
1 Annual Book of ASTM Standards, Vol 04.08.
4 Annual Book of ASTM Standards, Vol 15.05.
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4. Significance and Use
4.1 The specific gravity of a soil is used in

almost every equation expressing the phase rela-
t ionsh ip of air, water, and solids in a given vol-
ume of material.

4.2 The term "solid particles," as used in geo-
technical engineering, is typically assumed to
mean naturally occurring mineral panicles that
are not very soluble in water. Therefore, the
specific gravity of materials containing extra-
neous matter (such as cement, lime, etc.), water-
soluble matter (such as sodium chloride), and
soils containing matter with a specific gravity of
less than one, typically require special treatment
or a qualified definition of specific gravity.

5. Apparatus
5.1 Pycnomeier—Either a volumetric flask

having a capacity of at least 100 mL or a stop-
pered bottle having a capacity of at least 50 mL
(Note 2). The stopper shall be of the same ma-
terial as the bottle, and of such size and shape
that it can be easily inserted to a fixed depth in
the neck of the bottle, and shall have a small hole
through its center to permit the emission of air
and surplus water.

NOTE 2—The use of either the volumetric flask or
the stoppered bottle is a matter of individual preference,
but in general, the flask should be used when a larger
sample than can be used in the stoppered bottle is
needed due 10 m a x i m u m grain size of the sample.

5.2 Balance—Either a balance sensitive to
0.01 g for use with the volumetric flask, or a
balance sensitive to 0.001 g for use with the
stoppered bottle.

6. Cal ibrat ion of Pycnometer
6.1 The pycnometer shall be cleaned, dr ied ,

weighed, and the weight recorded. The pycnom-
eter shall be filled with distilled water (Note 3)
essentially at room temperature. The weight of
the pycnometer and water, Wu, shall be deter-
mined and recorded. A thermometer shall be
inserted in the water and its temperature T, de-
termined to the nearest whole degree.

NOTE 3—Kerosine is a belter wett ing agen; t h a n
water for mos; soils and may be used in place ofd;s ; i i ! sd
v.a;er for oven-dried samples.

6.2 From the weight \\'a determined at the
observed temperature T, a table of values cf
weights H'u shall be .prepared for a scries of
temperatures that are l ike ly to prevail when

weights Wh are determined later (Note 4). These
values of Wa shall be calculated as follows:
»"'„ (at 7,)

= (density of water at TVdensity of water a: 7.)
X f H ^ a t 7,)- H f ) - r H >

where:
\Va = weight of pycnometer and water, g.
Wf = weight of pycnometer. g,
Tj = observed temperature of water, * C, and
7"A = any other desired temperature, * C.

NOTE 4—This method provides a procedure that is
most convenient for laboratories making many deter-
minations with the same pycnometer. It is equally
applicable to a single determination. Bringing the pyc-
nometer and contents to some designated temperature
when weights W, and Wb are taken, requires consider-
able time. It is much more convenient to prepare a
table of weights Wt for various temperatures l ikely to
prevail when weights Wt are taken. It is important that
weights WQ and H7

A be based on water at the same
temperature. Values for the relative density of water at
temperatures from 18 10 30"C are given in Table I.

7. Sampling
7.1 The soil to be used in specific gravity test

may contain its natural moisture or be oven-
dried. The weight of the test sample on an oven-
dry basis shall be at least 25 g when the volumet-
ric flask is to be used, and at least 10 g when the
stoppered bottle is to be used.

7.2 Samples Containing Natural Moisture—
When the sample contains its natural moisture ,
the weight of the soil, H',, on an oven-dry basis
shall be determined at the end of the test by
evaporating the water in an oven main ta ined at
230 ±9'F ( 1 1 0 ±5°C) (Note 5). Samples of ciu\
soils con ta in ing their natura l moisture c o n t e n t
sna i l be dispersed in. dist i l led water before piacir.;
in the flask, using the dispersing e q u i p m e n t spec-
if ied in Method D 422 (Note 6).

7.3 Oven-Dried Samples—When an o v e n -
dried sample is to be used, the sample sha l l be
dried for at least 12 h, or to constant w e i g h t , in
an oven m a i n t a i n e d at 230 ±9°F ( 1 1 0 ±5°C.
(Note 5), cooled in a desiccator, and weighed
upon removal from the desiccator. The samp'e
s h a l l then be soaked in d i s t i l l ed water for a; leas '
12 h.

NOTE 5—Drying ofcer ta in soiis at 110*C rr.ay b-.r._:
abou t loss of mois ture of composition or h; .dra ' . ;cr ,
and in such cases drying shall be done, if desired, ir.
reduced air pressure and at a lower temperature .

Noil' 6—The m i n i m u m \ o l u m e of slurr. ths i r-n
re prepared by the dispersing e q u i p m e n t specified in
Method D 422 is such tha t a 500-m.L flask is need-: 2-
t : - .c pycnometer .



8. Procedure
8.1 Place the sample in the pycnometer, tak-

ing care not to lose any of the soil in case the
weight of the sample has been determined. Add
distilled water to fill the volumetric flask about
three-fourths fu l l or the stoppered bottle about
half fu l l .

8.2 Remove entrapped air by either of the
following methods: (1) subject the contents to a
partial vacuum (air pressure not exceeding 100
mm Hg) or (2) boil gently for at least 10 min
while occasionally rolling the pycnometer to as-
sist in the removal of the air. Subject the contents
to reduced air pressure either by connecting the
pycnometer directly to an aspirator or vacuum
pump, or by use of a bell jar. Some soils boil
violently when subjected to. reduced air pressure.
It will be necessary in those cases to reduce the
air pressure at a slower rate or to use a larger
flask. Cool samples that are heated to room
temperature.

8.3 Fill the pycnometer with distilled water,
clean the outside and dry with a clean, dry cloth.
Determine the weight of the pycnometer and
contents, Wh, and the temperature in degrees
Celsius, 7".v, of the contents as described in Sec-
tion 6.

9. Calculation and Report
9.1 Calculate the specific gravity of the soil,

based on water at a temperature Tx, as follows:
Specific gravity. TJT, = WJ\W, + (W.- W$\

where:
W,. = weight of sample of oven-dry soil, g,
H', = weight of pycnometer filled with water at

temperature Tx (Note 7), g,
W,, = weight of pycnometer filled with water

and soil at temperature 7"A, g, and
T, = temperature of the contents of the pyc-

nometer when weight Wh was deter-
mined, * C.

NOTE 7—This value shall be taken from the table
of values of Wa, prepared in accordance with 6.2, for
the temperature prevailing when weight W,, was taken.

9.2 Unless otherwise required, specific gravity
values reported shall be based on water at 20"C.

The va lue based en \va:er at 2C°C s h a l l be ;a.-
cula ted from the va iue bas^d en \va :e r a: :he
observed temperature 7,. as fol lows:
Specific gravity, 7,/IO C =

A' x specific grr.::;., 7,, 7,

where:
K = a number found by d i v i d i n g the relatr . e

density of water at temperature 7~v by the
relative density of water at 20°C. Values for
a range of temperatures are given in Table
1.

9.3 When it is desired to report the specific
gravity value based on water at 4°C, such a
specific gravity value may be calculated by m u l -
t iplying the specific gravity value at temperature
Tx by the relative density of water at temperature
TA.

9.4 When any portion of the original sample
of soil is eliminated in the preparation of the test
sample, the portion on which the test has been
made shall be reported.

10. Precision and Bias
10.1 Criteria for judging the acceptability of

specific gravity test results obtained by this test
method on material passing the No. 4 (4.75-mm)
sieve are given as follows (Note 8):

Material and Type Index

Single-operator precision:
Cohesive soils
Noncohesive soils

Multilaboratory precision:
Cohesive soils
Noncohesive soils

Standard
Deviation''

0.021

0.056
i

Acceptable
Range of

Two Results
(percent of

meanf

0.06i

0.15
j

''These numbers represent, respectively, the ( I S ) and (DIS
l imi ts as described in Practice C 670.

'Criteria for assigning standard deviation values for non-
cohesive soils are not available at the present time.

NOTE 8—The figures given in Column 2 are the
standard deviations that have been found to be appro-
priate for the materials described in Column I. Th;
figures given in Column 3 arc the limits t ha t shouici
not be exceeded by the difference between the resui-.s
of two properly conducted tests.

212



TABLE I Relative Dcnsiiy of Water and Conversion Kaclor
K For Various Temperatures

Temperature,
•c
13
19
20
21
22
23
24
25
26
27
28
29
30

Relative Density
oT Water

0.99862-14
0.9984347
0.9982343
0.99S0233
0.9978019
0.9975702
0.9973286
0.9970770
0.9968156
0.9965451
0.9962652
0.9959761
0.9956780

Correction
Factor K

1.0004
1.0002
1.0000
0.999S
0.9996
0.9993
0.9991
0.9989
0.9986
0.9983
0.9980
0.9977
0.9974

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination oflhe validity of any such
/latent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is suhjeci to revision at any lime hy the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should he addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you fee! that your comments have not received a fair hearing you should
muke your views known to the ASTM Committee on Standards, 1916 Race St.. Philadelphia. Pa. 19103.
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pH

Scope and Application; This method is applicable to surface water, wastewater and
groundwater.

Method; Potentiometric

Reference; EPA1983, p. 150.1

Sensitivity; 0.01 pH unit

Optimum Range; pH 1.00 to 12.00

Sample Handling Determine on-site, if possible, otherwise within 24 hours.

Reagents and Apparatus;

1. pH meter
2. Combination pH electrode.
3. Magnetic stirrer and stir bars (for lab use).
4. Beakers or plastic cups.
5. pH buffer solutions, pH 4.00, 7.00, and 10.0.
6. Deionized water

Notes:

1. The pH test is temperature dependent. Therefore, temperatures of buffers and
samples should be within 2°C of each other. For refrigerated or cool samples, use
refrigerated buffers to calibrate meter.

2. Interferences in pH measurements occur with presence of weak organic and
inorganic salts, and oil and grease. If oil and grease are visible, note on data sheet.
Clean electrode with soap and water, followed by 10% HCI and deionized water.
Then recalibrate meter before analysis of next sample.

3. Electrode should be stored in pH 7.00 buffer, or electrode storage solution.

4. Before leaving laboratory for field work:

a. Check batteries.

b. Do quick calibration at pH 7.00 and 4.00 to check electrode
response and batteries.

c. Obtain fresh pH buffer solutions.

5. Following field measurements:

a. Report any problems with meter or electrode.

[FIELDSOP-998] pHl-1



b. Clean meter and meter case.

c. Make sure electrode is stored in pH 7.00 buffer. |j

Calibration:

1. Place combination electrode in fresh pH 7.00 buffer solution. ^>

2. After allowing meter to stabilize, turn calibration dial until reading of 7.00 is fl
obtained. 9

3. Rinse electrode with deionized water and place in pH 4.00 buffer solution. pn

4. Wait for reading to stabilize and then turn slope adjustment dial until reading of 4.00
is obtained. ,-m

5. Rinse electrode with deionized water and place in pH 7.00 buffer. If meter reading
is not 7.00 + 0.05, follow Steps 2-5 again. *-s

6. Rinse electrode with deionized water and place in pH 10.00 buffer. Reading must be ' *
in the range of 9.90-10.10 or calibration must be repeated.

Procedure;

1. All glassware is to be soap and water washed, tap rinsed and deionized water rinsed i
prior to analyses. J

2. Calibrate meter using calibration procedure. ,

3. Pour the sample into clean beaker or plastic cup.

4. Place stir bar in beaker and put on magnetic stirrer (low speed) for lab measurement 1
of pH. Swirl cup gently for field measurement of pH. J

s-/
5. Check temperature of sample. It should be + 2°C of the buffer solutions. ' i^

6. Rinse electrode with deionized water.

7. Immerse electrode in sample. The white KC1 junction on side or bottom of jj
electrode must be fully immersed in solution. AUow sufficient time for reading to
stabilize. Record pH. Rinse electrode with deionized water. —

8. Check calibration with pH 7.00 buffer solution initially and after every 10 samples •
and at the end of the analytical run and record on data sheet. Buffer solution should
read _+_0.05 of true value. !^

Quality Control:

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, a duplicate is m
still required. Duplicates should be within acceptable ranges. Average the results.

[EELDSOP-998] pHl-2
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CONDUCTIVITY YSI METER

Scope and Application; This method is applicable to surface water, wastewater and
groimdwater.

Method: Specific Conductance (Electrical Conductivity), umhos/cm @ 25°C

Reference: EPA 1983, Method 120.1

Detection Limit 10 umhos/cm @ 25° C

Sample Handling Determine on-site or within 28 days

Reagents and Apparatus:

1. Conductivity meter, YSI 33 SCT
2. Deionized water
3. conductivity standard, 1000 umhos/cm @ 25° C. Commercially Available

Notes;

1. All conductivity readings must be corrected to 25°C.

Procedure:

1. All glassware is to be soap and water washed, tap rinsed and deionized rinsed prior to
• analysis.

2. With mode switch of the meter in the OFF position. Check the zero setting. If not at
zero, use meter adjusting screw to zero (on front of the meter).

3. Plug probe into jack located on side of meter.

4. Turn mode switch to red line, and turn red line knob until needle aligns with red line
on dial. Change batteries if meter cannot be aligned.

5. Analyze the conductivity standard. If the result is within 90-110% of the standard
value, analyze samples. A standard should be analyzed after every 10 samples and at
the end of the analytical run. Table 1 lists non-temperature compensated values for
both of the standards. Use this table as a reference when a calculator is not available
to perform temperature correction on the standards.

6. Totally immerse and suspend the probe in the water sample. Do not allow probe to
touch the sides of the sample container.

7. Turn mode switch to the appropriate conductivity scale (X100, X10, or XI). Use the
scale that produces a mid-range output on the meter.

8. Wait for needle to stabilize (about 15 seconds) and record conductivity. Multiply the
conductivity reading by the scale setting.

9. While gently agitating the probe, take sample temperature (°C) to nearest 0.5°C and
record.

[HELDSOP-999] CONDYSIF-1



Table 1
NON-TEMPERATURE COMPENSATED CONDUCTIVITY

STANDARD READINGS FOR 1,000 AND 10,000 omhos/cm STANDARDS

Conductivity Standard
1,000 umhos/cm

Conductivity Standard
10,000 umhos/cm

Conductivity Conductivity
Standard Should

Read

500
520
540
560
580
600
620
640
660
680
700
720
740
760
780
800
820
840
860
880
900
920
940

' 960
980

1000
1020
1040
1060
1080
1100
1120
1140
1160
1180
1200

[FffiLDSOP-999]

Degrees
at C°

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Standard Should
Read

5000
5200
5400
5600
5SOO
6000
6200
6400
6600
6800
7000
7200
7400
7600
7800
8000
8200
8400
8600
8800
9000
9200
9400
9600
9800

10,000
10,200
10,400
10,600
10,800
11,000
11,200
11,400
11,600
11,800
12,000

CONDYSIF-3

Degrees
at C°

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

I



10. Rinse probe with deionized water.

| 11. Record specific conductivity and temperature.

12. Store probe in D.I. water between uses whenever possible.

J 13. Turn mode switch to the OFF position when finished.

Quality Control;

1. A quality control calibration standard of 1000 umhos/cm is to be analyzed, initiaEy and
after every 10 samples. If less than 10 samples are analyzed, a calibration standard is
still required. The last sample analyzed in the run is to be the calibration standard.
These standards must be within 90-110% of the standard value or the samples run after
the last acceptable check standard are to be reanalyzed.

2. Duplicate a minimum of 1 out of 10 samples. If less than 10 samples are analyzed, a
_^- duplicate is still required.. Duplicates are to be averaged. Duplicate values are to be

within acceptable ranges.

Calculation;

1. Calculate specific conductivity at 25° C using following formula:

025 = GT
[1 -f 0.02 (T-25)]

G25 = Specific conductivity at 25° C, umhos/cm

T = Temperature of sample, °C

GT = Conductivity of sample at temperature T, umhos/cm
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Effective Date: 3 ~

FIELD TEMPERATURE

Scope and Application: This method is applicable to surface water, wastewater, and
groundwater.

Method: Thermometric

Reference: EPA 1983, Method 170.1

Reagents and Apparatus:

1. Thermometer; mercury-filled, or temperature probe,°C
2. Plastic bottles, 250 mL
3. Deionized water
4. Kimwipes

Notes:

1. The thermometer or temperature probe must be calibrated annually against an ASTM
certified thermometer.

2. It is recommended the thermometer or temperature probe have a range of -10 to 100°C
with 0.5° sensitivity.

Procedure:

1. Pour approximately 100-150 mL sample into a plastic bottle.

2. Place thermometer or temperature probe in sample and swirl gently for 30-60 seconds.

3. Record the temperature to the nearest 0.5 degree.

4. Rinse thermometer with deionized water and blot dry with a kimwipe.

5. Continue as above with next sample.

Quality Control:

1. Duplicate minimum of 1 out of 10 samples. If less than 10 samples are analyzed, a
duplicate is still required. Duplicates are to be averaged. Duplicate values are to be within
acceptable ranges.

[FIEL.DSOP-987] TEMPFC-1 Rev Dale 03/92
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YSI DISSOLVED OXYGEN METER AND PROBE

Scope and Application: The instructions outlined below are to be followed for
the daily calibration and routine operation of the YSI
Dissolved Oxygen Meter and Probe.

Reference: Instruction Manual YSI Model 54ARC Dissolved Oxygen Meter and YSI
5700 Dissolved Oxygen Probe.

Reagents and Apparatus: - - .._-.. ...

1. YSI 54ARC Dissolved Oxygen Meter
2. YSI 5720A B.O.D. Bottle Probe
3. Membrane and KC1 kit, standard, YSI 5775
4. Replacement "0" ring, YSI Part #5945
5. Beater boot assembly, YSI Part #5486

Operating Procedure: . . .

.1. Preparing the Probe ' ""

All YSI 5700 Series Probes have similar sensors and should be cared
for in the same manner. They are precision devices relying on good
treatment if high accuracy measurements are to be made. Prepare the
probe as follows.

ALL PROBES ARE SHIPPED DRY - FOLLOW THESE INSTRUCTIONS
TO PREPARE FOR USE

1. Prepare the electrolyte by dissolving the KC1 crystals in a
dropper bottle with Milli-Q water. Fill the bottle to the
top.

*

2. Remove the "0" ring and membrane. Thoroughly rinse the sensor
with KC1 solution.

3. Fill the probe with electrolyte as follows (see Figure 1):

a. Grasp the probe with your left hand..

b. Fill the sensor body until no more air bubbles appear.
Tap the probe against the countertop to dislodge any
air bubbles adhering to the sensor.

c. Secure a membrane under your left thumb. Add more electrolyte
to the probe until a large meniscus completely covers the gold
cathode. NOTE: Handle membrane material with care, keeping
it clean and dust free, touching it only at the ends.

d. With the thumb and forefinger of your other hand, grasp the
free end of the membrane.

YSIDO-1



e. Using a continuous motion stretch the membrane UP, OVER,
and DOWN the other side of the sensor. Stretching forms
the membrane to the contour of the probe. The'membrane
can be stretched to approximately 1 1/2 times its normal
size.

f. Secure the end of the membrane under the forefinger of the
hand holding the prcbe.

g. Roll the "0" ring over the end of the probe. There should
be no wrinkles in the membrane or trapped air bubbles.
Some wrinkles may be removed by lightly tugging on the edges
of the membrane beyond the "0" ring.

. h. Trim off excess membrane with scissors or sharp knife.
Check that the stainless steel temperature sensor is not
covered by excess membrane.

4. Shake off excess KC1. _ •

5. Store the probe in a BOO bottle containing about 1 inch of water.

6. Membranes average^ replacement is 2-4 weeks. If the electrolyte
in the probe is allowed to evaporate, air bubbles form under
the membrane. If air bubbles' are noted under the membrane or
if the membrane becomes damaged, thoroughly flush the reservoir
with fresh KC1 and install a new membrane .as described above.

7. Replace the membrane if erratic readings are observed or
if-calibration is not stable.

'»

NOTE: The gold cathode should always be bright and untarnished.
If it is tarnished (which can result from contact with
certain gases) or plated with silver (which can result
from extended use with a loose or wrinkled membrane),
return it to the factory for service. Never use chemicals
or abrasives in an attempt to clean it.

Figure

YSIuO-2
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j
II. Preparing the YSI Instrument

It is important that the instrument be placed in the intended operating
position; vertical, tilted, or on its back - before it is prepared
for use and calibrated. (See Figure 3). Recalibration may be necessary
when the instrument operating position is changed. After preparing the
probe proceed as follows:

1. Wi th switch in the OFF position, adjust the meter pointer to
Zero with the screw in the center of the meter panel. Readjustment
may be necessary if the instrument operating position is changed.

2. Switch to RED LINE and adjust with the RED LINE knob until the
meter needle aligns with the red mark at the 31*C position.

3. Switch to ZERO and adjust to zero with zero control knob.

4. Attach the prepared probe to the PROBE connector of the
instrument and adjust the retaining ring finger tight.

5. For optimum probe stabilization, let the meter and probe
equilibrate for 15 minutes before calibrating.

Figure 2

I I I . Ca l ib ra t ion

The operator has a choice of three calibration irethods: Winkler
titration, Saturated Water, and Air. The three methods are described
in the following paragraphs. The Hinkler titration is the preferred
method of calibration.

Winkler Titration

1. Determine the dissolved oxygen in two samples from the aerated
water source using the Hinkler titration technique (refer to
the Dissolved Oxygen SOP) and average the values. If the
values differ by more than 0.5 mg/L, discard the samples and
repeat.

YSIDO-3



2. Place the YSI probe in the third' sample and stir.

3. Switch to desired mg/L scale range and adjust with the CALIBRATION
control to the average value determined in Step 1. Al low the
probe to remain in the sample for at least two minutes before
setting the calibration value, and leave in the sample for an
additional 2 minutes to verify stability (Readjust if necessary).

Saturated Water Calibration

1. Air saturate a volume of water by aerating for at least 1 hour
at a constant temperature (preferably room temperature).

2. Place the probe in the sample and stir. Switch to TEMPERATURE
scale. Refer to Calibration Tab!
corresponding to the temperature.
scale. Refer to Calibration Table I for the mg/L value ' fj

3. Determine local altitude or the "true" atmospheric pressure f^i
(note that "true" atmospheric pressure is as read on a barometer. «j
Weather Bureau reporting of atmospheric pressure is corrected to
sea level). Using Calibration Table II determine the correction ->
factor for your pressure or altitude. I

i.. J

4. Multiply the mg/L value from Table I by the correction factor from
Table.II 'to determine the corrected calibration value for your 1
conditions. ' J

EXAMPLE: Assume temperature = 21*C and altitude = 1000 feet. 1
From Table I the -calibration value for 21*C is 8.9 mg/L. From j
Table II the correction factor for 1000 feet is about 0.96.
The corrected calibration Value is 8.9 mg/L x 0.96 = 8.54 mg/L.

5. Switch to an appropriate mg/L scale range and adjust the" CALIBRATE
knob while stirring until the meter reads the corrected calibration
value from Step 4. Leave the probe in the sample for two minutes
to verify calibration stability. Readjust if necessary.

Air Calibration - Fresh Water

1. Place the probe in a BOD bottle partially filled with water.
Wait approximately 10 minutes for temperature stabilization.
This may be done simultaneously while the probe is stabilizing.

2. Switch to TEMPERATURE and read. Refer to Table I - Solubility of . . .
Oxygen in Fresh Water, and determine calibration value. •

3. Determine altitude or atmospheric correction factor using Table II.

j
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;i
4. Multiply the calibration value from Table I by the correction

factor from Table II.

EXAMPLE: Assume temperature = 21 *C and altitude = 1000 feet.
From Table I the calibration value for 21"C is 8.9 mg/L. From
Table II the correction factor for 1000 feet is about 0.96. .
Therefore the corrected calibration value is 8.9 mg/L x 0.96 =
8.54 mg/L. . . . _ . _ :

5. Switch to an appropriate mg/L range and adjust the CALIBRATE
knob until the meter reads the corrected calibration value from
Step 4. Wait two minutes to verify calibration stability.
Readjust if necessary.

IV. Dissolved Oxygen Measurement

1. With the instrument prepared for use and the probe calibrated,
place the probe in the sample to be measured and turn on
stirring boot.

2. Allow sufficient time for probe to stabilize to sample.

3. Read dissolved oxygen directly from scale.

V. Maintenance of the Stirrer Boot

1. The probe uses a flexible stirring boot to transmit motion from the
sealed motor housing to the sample. If the boot shows signs of
cracking or other damage which may allow leaking into the motor
housing, the boot must be replaced.

2. In fresh water applications boot life is normally several years,
but this may be shortened by exposure to hydrocarbons, moderate
to strong acids or bases, ozone, or di.rect sunlight. For maximum
life rinse the boot with deionized water after use in contaminated
samples.

3. Boot replacement is as follows:

a. Pull off old assembly and clean shaft.

b. Slide on new assembly making sure the back spring is on the
grooved area of the shaft. A small amount of rubber cement
may be used.

c. Check that there is sufficient clearance between the tip and
the end of the shaft to permit turning without binding.

YSIOO-5
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TABLE I

Solubility of Oxygen in Fresh Water

Temperature
•c
0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17 i
18

- 19
20
21
22

mg/L Dissolved
Oxygen

14.60
14.19
13.81
13.44
13.09
12.75
12.43
12.12
11.83
11.55
11.27
11.01
10.76
10.52
10.29
10.07
9.85 -
9.65
9.45
9.26
9.07

• 8.90
8.72

Temperature
•c

' 23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

mg/L Dissolved
Oxygen

' 8.56
" 8.40 ~

8.24
8.09
7.95
7.81
7.67
7.54
7.41
7.28
7.16
7.05
6.93
6.8Z
6.71
6.61
6.51
6.41
6.31 •
6.22
6.13
6.04
5;95

J

Source: Derrived from 16th Edition "Standard Methods for the
Examination of Water and Wastewater".

This table shows the amount of oxygen in mg/L that is dissolved in air
saturated fresh water at sea level (760 mm Hg atmospheric pressure)
as temperature'varies from 0" to 45*C.

I

i

J
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, Table II
t

Correction for Atmospheric Pressure

Atmospheric Pressure
mm/Hg or

775
760
745
730
714
699
634
669
654
638
623
608
593
578
562
547 '
532
517
502

Eauivalent Altitude
Ft,

540
0

542
1094
1638
2274
2864
3466
4Q82
4756
5403
6065
6744
7440
8204
8939
9694
10472
11273

Correction
= Factor

1.02
1.00
.98
.96
.94
.92
.90
.88
.86
.84
.82
.80
.78
.76
.74
.72
.70
.68
.66 *

Source: Derrived from 16th Edition "Standard Methods for the
Examination of Water and Wastewater".

«

This table shows the correction factor that should be used to correct
calibration value for the effects of atmospheric'pressure or altitude.
Find true atmospheric pressure in the left hand column and read across
to the right hand column to determine the correction factor. (Note
that "true" atmospheric pressure is as read on a barometer. Weather
Bureau reporting of atmospheric pressure is corrected to sea level.)
If atmoshperic pressure is unknown, the local altitude may be substituted.
Select the altitude in the center column and read across to the right
hand column for the correction factor.
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YSI DISSOLVED OXYGEN METER AND PROBE

Detection Limit; 1.00 mg/L Dissolved Oxygen

Working Concentration Range; 0-15 mg/L Dissolved Oxygen

fc,.JI
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YSI 5700 SERIES DISSOLVED OXYGEN PROBES
INSTRUCTIONS

The probes described in these instructions are designed
for direct use with YSI Models 50, 51S. 54A3?, 5«A?.C,
56, 57 and 58 Dissolved Oxygen Keters. The probes cz.i

3also be used with discontinued YSI Models S1A, 543? e.-.d
S4RC Dissolved Oxygen Keters when the YSI S73S Cable
Adapter is employed.

PRINCIPLES OF OPERATION

YSI 5700 Series Probes are polarographic ser.scrs. A
thin permeable r.e.rirane stretched over the sensor iso-
lates the electrodes frcm the environment, but all=ws
gases to enter. When a polarizing voltage is applied
across the sensor, oxygen that has passed through the

•rane reacts at the cathode, causing a current ta

j The membrane passes oxygen at a rate 'proportional to
the difference across it in partial pressure of cxvc.cn.
Since oxygen is rapidly consumed at the cathode, it car.I be assumed that the oxygen pressure under the r.e.Tirz.-.e
is zero. Hence, the force causing the oxyger. to
diffuse through the menbrane is proportional to the
partial pressure of oxygen outside the me.Tira.-.e. As

j the oxygen partial pressure varies, both the oxygen
J diffusion through' the membrane and the probe current
' will change proportionally.

SPECIFICATIONS

Cathode: Cold
Anode: Silver
Membrane: .001" FE? Teflon, standard
Electrolyte: Half saturated KCl '
- ^perature Range: -5* .to 45*C
^ IS* to 35*C for the 5760 probe
Temperature Accuracy: ±0.2*C
Temperature Ccir.pensation: (see instrument

specifications)
Polarizing Voltage: O.B Volts (ncninal)
Probe Current in Air at 30*C: 19 micrca-T.ps (r.c.-r.i.-.al)

- in Nitrogen at 30*C: 0.15 micrca.T.ps or less
Response Tijae: Typical response for dissolved oxygen.

using standard merriranes, is 90% in 10 seconds at
a constant te.T.perature of 30*C.

Response at low dissolved oxygen levels is typically
90\ in 30 seconds.

J

ACCESSORIES AND REPLAC-XZMT PARTS

YSI 5492A Battery Pack for Models 513 and 54A (?c-ers
the subr.ersible stirrers.)

YSI 5735 Cable Adapter (Hates 5700 Series probes with
discontinued YSI Hcdels 51A, S-J3? a.-.d S-SRC Dis-
solved -Oxygen Keters)

Accessories for the 5720A, 5739 and 5750

YSI 5680 Prcbe Reconditioning Kit. Includes a sar.dir.g
tool and ten adhesive disks.

YSI 5775 Merirane and KCl Kit, Standard. Includes fwc
15-ze.Tirane packets (.001" thick" standard Ft?
Teflon ceaibrir.es) and a 30 ml bottle of KCl with
Kodak Photo Flo.

YSI 5776 Kerirane ar.d KCl Kit. Hfgh Sensitivity.
Includes two 15-~e.Tirane packets (.COOS" thick
FI? Teflon.ces-irar.es) and a 30 ml bottle of KCl
with Kodak Photo Flo. Used for neis.re.-e.-.ts belcu
15*C and/or for lew oxygen levels

YSI 5793 .001" xesirar.es, lO-mes-irane packet
YSI 5794 .0005" renarar.es, lO-merira.-.e packet
YSI 5945 0-ring pack

0-rir.gs)
(Contains replacement ser.scr

Accessories for the 5720A Only

YSI 5486 Stirrer Scot Assembly

Accessories for the 5739 Only

YSI S075A Calibration Charier
YSI 5986 Diaphragm Kit

YSI 5740-10
YSI S740-2S
YSI 5740-50
YSI 5740-100
YSI 5740-150
YSI 5740-200

detachable
detachable
detachable
detachable
detachable
detachable

10' cable
25' cable
SO' cable
100' cable
ISO' cable
200' cable

YSI 5791A Submersible Stirrer with 50' cable for stir-
rer only

YSI 5795A Subr.ersible Stirrer with SO1 c=iir.ec pr=be
and stirrer cable

YSI 5720A BOD BOTTLE PSOBE

The 572CA bottle probe (Figure 1) is used for measuring
dissolved cxygen in standard EOD bottles. It is pro-
vided with a stirrer po--ered by a DC supply available
for 115 or 230 VAC input.

'\
Figure 1. The YSI 5720A Prob*

YSI Incorporated
Yellow Springs Instrument Co.. Inc.. Yellow Springs. Ohio -J5iS? L3A • Phone 513 767-7241 • BOO 3-iJ-HELP • F« 513 767-9353 • Telex 205-137



To use the 5720A, plug the stirrer power'supply
line power and the probe plug in the Instrument,
the) stirrer off, place the tapered probe end in:
filled the BCD bottle and turn on the stirrer.
probe should be operated with a minimum of trapped
in the bottle. A slight amount of air in the ur.sti
region at the ' top cay be neglected, but r.o b1.
should be permitted around the ser.sor. CAUTICN: The
motor housing is not waterproof; do not submerge this
probes beyond the part that is inserted into a HCD
bottle.

Stirrer Boot (YSI 5486)

ir.to
With
tc a
The.
air
rred

The 5720A uses a flexible stirring boot to trer.s:
motion from the icotor housing to the sample. If
boot shows signs of cracking or other damage liable
allow leakage into the motor housing, it sust
replaced. Running the S72CA with a da.-r.aged stirr
boot could cause permanent motor da.-r.age. Ecct life
be shortened by exposure to hydrocarbons, nvccerate
strong acids or bases, ozone, or direct sunlight,
maximum life, rinse the boot after each use. Sects
replaced as follows:

-it
the
to
be
i.-.g
ray
to

Fer
are

1. Pull off the old assembly and clean the s-.ir red
housing.

2. Slide on the new assembly, making sure the b*e'<
spring is over the grooved area of the. stir red
housing. A drop of alcohol will aid installatie.-. by
providing lubrication.

3. Do not permit the stir rod to press against the t.-.d
of the stirrer boot tip or it will bind.

& ?? / f^) -PROSE ECOY

&/ /£ DIAPHRAGM
/

^WASHES

, RETAINING r'.'JG

,'Vx -A MEMSRANE 0-RING

"SENSOR GUARD

Figure 2. The YSI 5739 Probe

YSI 5750 BCD BOTTLE PROBE

YSI 5739 DISSOLVED OXYGEN PROBE

The 5739 probe system consists' of the probe body plus a
detachable-cable (see Figure 2). The detachable cable
is a convenience feature that facilitates cha.-.gir.g
cable lengths and replacing da.-r.aged cables or preits.
The probe and cable assembly is held together with a
threaded retainer. The assembly is not inte.-.ded for
casual disconnection; cable and prcbe should be separ-
ated only when necessary.

To detach the cable, unscrew the retainer and slide it
down the cable to expose the connector. Pull ger.tly en
the connector until it ccmes away, front the prete bcdy.
If the 0-ring is frayed or damaged, replace it: a
replacement 0-ring is supplied with each 574C cible.
Reassemble by pushing the connector into the prehe

• body, rotating it until the two halves mate. A light
coating of silicone grease on the 0-ring will r̂ V.e
reassembly easier. Be sure the connecter is dry;
otherwise, erratic readings nay .result. Screv cr. the
retainer fincer-ticht only.

Pressure Cncpgnsatipn

The 5739 prcbe has a unitrue pressure ce.-r.per.satir.ij
system that helps assure accurate readings at creat
depths. Pressure compensation is effective .to l/2\ cf
reading with pressures up to ICO psi (230 feet cf
water). The compensating system dees not normally
require service er.d should not be taken apart. Kcw-
ever. if electrolyte is leaking through the diaphragm.
or if there is an obvious puncture, the diaphragm r-jst
be replaced. A spare is supplied with the prcbe. Use
a coin to unscrew the retaining plug and remove the
washer and diaphragm. With distilled water, flush any
salt crystals from the reservoir/ install a new dia-
phragn (flat side out), replace the washer and securely
screw in the retaining plug.

The 5750 (Figure 3) is similar to the 572CA except that
it does r.ct have a stirrer. Agitation ef the sample
must be provided by other means, such as a negr.etic
stirrer.

Figure 3. The YSI 5750 Probe

P?.CBE P?̂ ?A3A7IOH

All prcres are shippec' *•"{• You nu'st fcllcw thes*
ir.structicr.s when preparing a new prcbe cr vhe.i cher.c-
i.-.g eerira.-.es. Prepare the electrolyte by dissolvi.-c
the KCl crystals which are supplied in a dr'epper bcttle
that should be filled to the neck with distilled water
a.-.d shaxer. until the crystals are dissolved.

1. Unscrew the ser.sor guard (5739 only). Se.-̂ ve the
0-ring a.-.d ce.rirar.e, then thoroughly rir.se the ser.ser
with distilled water. N

2. To fill the prcbe with electrolyte ar.c install a r.s-.-
r.erira.-.e. follow these steps:

a. Grasp the probe in your left har.d. (See the
sketches in Figure 4.) When preparir.c the 573 =
prcbe. the pressure compensating pert sheuld be to
the right. Successively fill the je.-.sor body with
electrolyte while pumping the diaphrag= with the
eraser end of a pencil or a similar scft. blu.-.t
tool. Continue filling and pumping until no rcre

J



air bubbles appear. For ease in preparing the
5720A. the stirring rod should be to the left. When
preparing the 5720A or 5750 probes, sLr.ply fill the
sensor body until no more air bubbles appear.

b. Secure a membrane between your left thuri ar.d the
probe body. .Add irore electrolyte to the prcbe until
a large meniscus completely covers the gold caihcce.
NOTE: Handle merirane material with care, touching
it at the ends only.

c. With the thu,-ri and forefinger of your other hand,
grasp the free end of the me^ibrane.

d. With a continuous notion, stretch it up, over end
<3cvn the other side of the sensor. Stretching fcr=s
the membrane to the contour of the prcbe.

e. Secure the end of the mertrene under the fcrefir.csr
of your left hand while holding the probe.

f. Roll the C-ring over the end of the prcbe', being
careful not to touch the cerirar.e surface. For the
5720A, start at the right side of the sensor and
roll the 0-ring toward the stirring red. There
should be no wrinkles in the rer-irane or trapped air
bubbles. SC.T.C wrinkles may be removed by lichtly

s^.tugging on the edges of the me.rirane beyond the
0-ring.

g. Trim off excess membrane with scissors cr sharp
knife. Check that the stainless steel temperature
sensor is not covered by excess membrane.

3. Shake off excess KCl. On the 5739, reinstall the
sensor guard.

OPERATING PRZCAOTIOHS. ALL PROBES

1. Membrane life depends on use. Membranes will last t
long time if Installed properly and treated with cart
during use. Erratic readings result frca loose, wrink-
led cr fouled membranes, or from large bubbles in the
electrolyte reservoir. If erratic readi.-.cs, or evidence
of. membrane damage occur, you should replace the
membrane a.-.c XCL. The average replacement interval is
two to four weeks; electrolyte in consta.-.t or heavy use
will be exhausted in about two weeks.

If the sensor 0-ring on any probe is worr. cr locse.
replace it with the 0-rir.g provided is the YSI 5545
0-ring Pack.

2. The gold cathode should always be bright ar.d untar-
nished. If it is tarnished (which car. result frcm
contact with certain gases) or plate: with silver
(which car. result frca extended use with a Iccse cr
wrinkled membrane), it needs to have its surface
restored. Probes may either be returned ts the factory,
or cleaned with the YSI 5630 Probe Reccnditioni.-.g Kit:
never use chemicals or any abrasive not supplied with
this kit.

3. It is also possible that the .silver a.-.cce may beccr.e
contaminated, which will prevent successful calibra-
tion. Try soaking the probe overnight in a 3% arac.-.ie
solution; rinse with deionized water, recharge with
electrolyte, and install a new membrane. If still
unable to calibrate after several hours, return the
probe for service.

4. Hydrogen sulfide, sulfur dioxide, halogens, and neon
ere interfering gases. If you suspect erroneous read-
ings, it may be necessary to determine if these are the
cause.

These gases have been tested for response:

Figure 4. Kesbrar.e Application

Prob« Storage

A bottomless plastic bottle is provided with the YSI
5739 probe for convenient storage. Place a sr.a'11 piece
of roist towel or sponge in the bottle and insert the
probe into the open end. This keeps the electrolyte
fron drying out. The S720A and 5750 probes can be
stored in a BOD bottle containing at least 1" of water.

10C\ Carbon Monoxide
100* Carbon Dioxide
ICO* Kydrogen
10C\ Chlorine
ICC* Helium
ICC* Witrous Oxide
10C* Ithylene
ICC* Nitric Oxide

less than
arsund 1\

less than l\
2/3 Oj response

none
1/3 Oj response

none
1/3 Oj response

5. The correct lic-jid level in BCD bottles is achieve:
by overfilling, then inserting a stopper ar.d pouring
off the excess. When using a YSI 5760 cr a 572CA prcbe
in a filled BCD bottle, be careful to insert it slowly
to avoid sample overflow.

6. When usi.-.c the 5720A in samples cc.-.taini.-.g heavy
particulaie solids, additional stirring may be r.eecec.
l.-.verti.-.g the stoppered bottle immediately before use
will usually provide adequate mixi.-.g.

CALIBRATION

Daily calibration is generally appropriate. Calibra-
tion can be disturbed by physical shock, tcuchi.-.g the
membrane, fouling of the ce.rirar.e cr drying out of the
electrolyte. Check calibration after each series cf
r.easure-ents, and in time you will develop a realistic
schedule for recalibration. When probes are rot in
use, store thea as recc.Tme.-.ded in Probe Preparation.

Prcbes r.ay be calibrated by Kinkier Titration or by the
Hater Saturated Air method. Experience has shewn that
air. calibration is guite reliable, yet far si.-r.pler than
titration. Eoth cethods are described here. Consult
the manual for your particular instrument for rare
ccxplete instructions.



Lnkler Titration
i

Dr*w a volu.-so of water from a single source a.-.c
;r«fully divide it into four samples. Deterai.-.e the
.-ygen in three of the samples using the Kinkier Titre-
.on technique and average the three' values. If cr.e of
ie values differs from the other two by more thar. 0.5
;/L, discard it and average the tvo values rernair.i.-.g.

. Using the probe-neter system you are calibrali-c.

.ace the probe into the fourth sample and stir.
»

. Switch to the desired rg/L ra.-.ge and adjust the
U.IBRA7ION control to the average value determined is
:ep 1. Allow the probe to remain in the sample fcr at
->ast 5 minutes before setting the calibration val-_e,
icn leave it in the sample for an additional f-c
Inutes to verify stability. Readjust if necessary.

ir Calibration

. Place the prcbe in a BOD bottle containing about 1
ich of water. Wait approximately ten minutes fcr
-•ir.perature stabilization.
ie 5739 probe can be placed in the Y$I 507SA Caliira-
ion Charier or in the snail calibration bottle s.i-
Lied with the probe (the one with the hole ir. the
Dttom) along with a few drops of water, or a xciste.-.ec
owel or cloth.

. Read the temperature and refer to the instrument
dlibration T&ble to determine the calibration value.
3T£: To achieve the stated accuracy of measurement.
.-.e probe must be stabilized before calibrating. The
alibration temperature should be within 5 decrees cf
.ie sanple temperature. .

3. Determine the atmospheric correction fact:: (see
Instrument instructions).

4. Multiply the calibration value by the correctic-
factor.

5. Switch your ir.strur.ent to an appropriate cc/L ttr.ct
and adjust the CALI3-U7Z control until the r-eter reecs
the corrected calibration value from ste? 4. Vithcu:
cha.-.gi.-.g the calibration setup, monitor the r**cir.cs
fcr an additional 3 minutes to
stiiility. Reecjust if necessary.

verifv calibraticr.

VAlWXSTr JLVD K£?AIR

All YSI products carry a one-year warrzr.ty on vsrXrar.-
s'-.i? a.-.d parts, exclusive of batteries.' Car.a=e thrcucr.
accident, disuse, or ter.pering will be repaired at a
r.c=ir.al cherct. if possible, when the it*= is retvr.-.*£
to the factcry cr to a.-, authorized YSI dialer, ilec-
trcce clee.-.i.-.g is not covered by warra.-.ty.

If you are e\7«riencir.c difficulty with any y«: jrc-
duct, it cay te returned for 'repair, ever, if tr.e var-
rar.ty has expired. YSI maintains cc==itte facilities
fcr prcr.rt servicing en all its products. This ver-
rer.ty is lizited to repair or replacement (YSt's
cptior.) at no charge.

J

YSI Incorporated
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SUMMARY OF OPERATING INSTRUCTIONS
1. CALIBRATION

A. Switch instrument to OFF and adjust meter mechanical zero.
B. Switch to RED LINE and adjust.
C. Prepare probe for operation, connect to instrument, wait up to 15 minutes

(or probo to stabilize. Probo can be in calibration chamber or ambient air.
D. Switch to ZERO and adjust to "0" on my/I scale.
E. Switch to TEMP and read on °C scale.
F. Use probe temperature and true local atmospheric pressure (or feet above

sea level) to determine calibration values from Tables I and II. (See
pages 14 and 15).
EXAMPLE: Probo temperature = 21°C; Altitude = 1000 feet. From
Table I the calibration value lor 21°C is 0.9 mg/l. From Table II the
altitude factor for 1000 feet is approximately .96. The correct calibration-
value, then, is:

8.9 mg/l X .96 factor •= 0.54 mg/l
G. Switch to 0-10 or 0-20 mg/l range and adjust meter with CAL control to

calibration-value determined in Step F.
NOTE: It is desirable to calibrate probo in a high humidity environment.
(See calibration section for mote dotnil).

2. MEASUREMENT
A. Place probo in sample and stir. . .
0. Allow sufficient time for probo to slobilizo to sample temperature and dis-

solved oxygon.
C. Road dissolved oxygon on appropriate range (1-10 or 0-20 mg/l)
0. Wo recommend the instrument bo left on between measurements to

avoid the necessity to ropolarizo the probe.

3. GENERAL CARE
A. Recharge batteries in tho YSI Model 54ARC when the instrument can no

longer bo red lined. Recharge 16-20 hours. Replace with Ourgoss CO-6 or
equivalent. Replace batteries in tho YSI Model 54ABP when red lino can-
not bo 3o( with Panasonic UM-2N or equivalent.

0. Membranes will last indefinitely, depending on usage. Average replace-
ment is 2-4 weeks. Probe should be stored in humid environment to.pre-
vent drying out.

C. Calibrate daily.

I AULb Uh UUIM I tlM I i
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GENERAL DESCRIPTION *•
Tho YSI Models 54ARC and 54ABP Dissolved Oxygen Meters are intended

for dissolved oxygen and temperature measurement in water and wastcwater
applications, but are also suitable for use in certain other liquids. Dissolved Ox-
ygen is indicated in rng/l (milligrams per liter) on 0-10 and 0-20 mg/l scales.
Temperature is indicated in °C on a -5° to -I-45°C scale. Doth dissolved oxygen
ranges are automatically temperature compensated for solubility of oxygen in
water and permeability of tho probe membrane.

Tho probes use Clark-type membrane covered polarographic sensors with
built-in thermistors for temperature measurement and compensation. A thin,
permeable membrane stretched over the sensor isolates the sensor elements
from tho environment, but allows oxygen and certain other gases to enter. When
a polarizing voltage is applied across the sensor, oxygen that has passed through
the membrane reacts at the cathode, causing a current to flow.

The membrane passes oxygen at a rate proportional to the pressure difference
across it. Since oxygen is rapidly consumed at the cathode, it can be assumed
that the oxygen pressure inside the membrane is zero. Hence, the force causing
tho oxygon to diffuse through the membrane is proportional to the absolute
pressure of oxygon outside the momhiitnc. II the oxygon pressure increases,
moro oxygen dilfusos'through tho momhrano and morn curronl flows through
tho sensor. A lowor prossuro msnlls in loss ciiiionl.

Powor 'to opornto llio system is piovtdud liy miumiil batteries in the in-
struments, rochargoablo bannrics in tho YSI Modol 54ARC and disposable
batteries in the YSI Modol 54ABP.

SPECIFICATIONS
I. Instrument

Oxygen Measurement

Ranges: 0-10 and 0-20 mg/l (0-5 and 0-10 mg/l with YSI 5776 High
Sensitivity Membrane)

Accuracy: ±1% of full scale at calibration temperature (±0.1 mg/l and
0-10 scnln).

Readability: .05 my/I on 0-10 scale; 0.1 mg/l on 0-20 scale.

Tcmpcrjiluro Measurement

Ranges: -5° lo -f45°C
Accuracy: db 0.7°C. including probu
Readability: 0.25°C

To in po ml urc Com pirns.'it ion

± 1% of D.O. reading (or measurements made- within ± 5"C of calibration
temperature.
dk 3% of D.O. reading over entire range of -5 lo -I-45°C Probe temperature.

System Rosponso Timo

Typical rosponso for temperature and 0.0. readings is 90% in 10 seconds
at constant lompcraturo ol 30°C with YSI 5775 Membranes. D.O.
responso at low lompcroluro nnd low O.O. is typically 90% in 30 seconds.
YSI 5770 High Sensitivity Mombranos can bo used lo improve rosponso at

low temper! .• and low D.O. concentrations. II response time under any
operating conditions exceeds two minutes, probe service is indicated.

Operating Temperature Range
.Instrument and probe operating range is -2° to -M5°C. Large ambient
temperature changes will result in 2% loss of accuracy unless Red Line and
Zero arc reset.

Recorder Output
0 to 114-136 mV. Recorder should have 50.000 ohms minimum input im-
pedance.

Power Supply
YSI Model 54ABP: (4) 1.5 volt carbon zinc batteries provide approximately
1000 hours operation. Replace with Panasonic UM-2N or equal.
YSI Model 54ARC: (4) 1.25 volt Ni-Cad rechargeable cells (Burgess CD-6
or equal) provide approximately 100 hours of operation between charges.

I-II. Probo
Cathode: Gold
Anode: Silvui
Membrane: .001" FEP Teflon (.0005" FEP Teflon available)
Electrolyte: Half Saturated KCI
Temperature Compensation: (See SPECIFICATIONS. I. Instrument)

- Pressure Compensation: Effect ive 1/2% ol reading to pressures of 100 psi
1230 ft. water)
Polarizing Voltage: 0.8 vplts nominal
Probe Current: Air at 30°C = 19 microamps nominal

Nitrogen at 30"C = .15 microamps or less

III. Accessories and Replacement Ports

YSI 5720A — Self Stirring O.O.D. Dottle Probe
YSI 5750 — Non Stirring B.O.D. Bottle Probe
YSI 5739 — Oxygen Temperature Probe for field use. Combine with one

of the following cables for desired lead length:
YSI 5401 — Battery Charger Eliminator 115V
YSI 5402 — Battery Charger Eliminator 230V

Detachable leads for use with YSI 5739:

YSI 5740-10
YSI 5740-25
YSI 5740-50
YSI 5740-100
YSI 5740-150
YSI 5740-200

10' cable
25' cable
50' cable

100' cable
15O' cable
200' cable

YSI 5492A — Battery Pock Operates YSI 5791A and 5795A Submersible
Stirrcrs



YSI 5791A — Submersible Stirrer lor licld use
YSI 5795A — Submersible Stirrer for field use
YSI 5075A — Calibration Chamber lor uso with field probe
YSI 5890—Carrying Cnse
YSI 5775 —' Membrane ami KCI Kit. Sl.-nul.iid — includes 2 each 15-

mcmbrnnc pockets (.001" thick standnrd membranes) ;mcl a
30 ml bolllc KCI with Kodak Photo Flo.

YSI 5V70 — Membrane and KCI Kit. lliijli Sensitivity — includes 2 each
15-mcrnbranc packets (.0005" thick membranes) and a 30 ml
bottle KCI with Kodak Photo Flo.

YSI 5915 —"0" Ring Pack — includes (G) "0" rings for each YSI D.O.
Probe.

YSI 5106 —Dealer Ooot Kit — includes (1) A-0510G Doot. (1) A-05404
Tip. (2) A-05105 Spring. Used only on 5720A and discon-
tinued 5120A and 5720.

YSI 5906 — Diaphragm Kit for USD only with YSI 5739 D.O. Probe.
YSI 5731 — Adaptor makes it possible to uso discontinued YSI 5100 Series

Probes with YSI Motlols 54AMC and 51AUP.

YSI 5735 — Adaptor mokes it possible) to uso YSI 5739. G720A and 5750
Probes with discontinued YSI Models 51flC and 51 UP.

OXYGEN RHODES AND EQUIPMENT

There arc three oxygen probes for use with the YSI Models 51ARC and
51AOP Dissolved Oxycjcn Meters. Descriptions of where they are used arc con-
tained in tlio following paragraphs.

I. YSI 5739 D.O. Prolio
The YSI 5739 probe, will) built-in loml weigh! and piosstire compensation, is

an improved design that replaces I In; discontinued YSI 5110. 5119. 5710 and
5719 probes. (Sec Fiyuro 1)

For user convenience the probe is equipped with a disconnecting cable to
facilitate changing cable lengths and replacing damaged cables or probes. The
probe and cable assembly is held together with a threaded retaining nut. The
connection is not designed for casual disconnection and should only be dis-
connected when necessary.

To disconnect the cable unscrew the retaining nut and slide it down the cable
to expose the connector. Pull gently on the cable and connector until the con-
nector comes away from the probe body.

To reassemble, inspect the connector and "0" ring for cleanliness. If the "0"
ring is Jraycd or damaged remove it by squeezing it in the groove causing it to
bulge, ihon roll il out of the groove and off -the councilor. A rcplacomcnl "O"
ring is supplied with I ho cable.

Push the connector into the probe body, rotating it until (ho two halves male.
A light coaling of vaseline or siliconc grease on the "O" ring will make
reassembly easier. Air trapped between Iho connector halves which may cause
thorn to spring apart slightly, is normal. Screw on Iho lelaming nut. haiiit tiylil
only. NOTE: If on.itic readings arc nxpniiunccil. clir.connot:! the cabin and inspect
(or water. II present, dry out and reconnect, replacing the "O" ring, if necessary.

AININO

. SINIOII
OUAIIO

Figure 1
Pressure Compensation
The vent on Iho side of the probe is part of a unique pressure compensating

system that helps assure accurate readings at great depths of water. Pressure
_ compensation is effective to 1/2% of reading with pressures lo 100 psi (230 ft.
water). The quantity of air bubbles trapped under Iho membrane determines how
serious the pressure error will bo. which is why proper preparation of the probe is
essential. (See OPERATING PROCEDURES.) The system is designed to accom-
modate a small amount of trapped air and still function properly, but the amount
should be kept to a minimum

The compensating system normally does not require servicing and should not
be taken apart. However, if electrolyte is leaking through the diaphragm or if
there is an obvious puncture, the diaphragm must bo replaced. A spare is
supplied with the probe. Using a coin unscrew the retaining plug and remove the
washer and the diaphragm, flush any salt crystals from the reservoir, install the
now diaphragm (convolution side in), replace Iho washer, and screw in the
retaining plug.

II. YSI 6720A n.O.D. Dottlo Probo
The YSI 5720A D.O.D. Botilo Probo replaces the discontinued YSI 5120A

O.O.D. Bottle Probo for measuring dissolved oxygen and temperature in stan-
dard O.O.D. bottlos. Il is provided with an agitator for stirring the sample solu-
tion, available in models for 1 1 7VAC (95-1 35VAC. 50-60 Hi) or 230VAC (19O-
250VAC. 50-60 Hz) operation. (Seo Figure 2) •

\ :fr'ftf'jJt" ViJ ~_- j.ii-* mm mm



Figure 2

When using tho probe, plug the agitator power supply into lino power and the
probe plug into the instrument. With the agitator turned off place the toperod
probe end into the B.O.D. bottle ami switch agitator "ON" with switch on top of
probe. Tho probe should bo operated with a minimum of trapped air in tho
0.0.0. bottle. A slight amount of nir in tho imstirrod rngion at Iho lop of the but-
tlo mny bo noglncted. but no bubblos should bo nroiind Iho thermistor or oxygen
sonsor.

Stirror Uoot

The probe uses a flexible stirring boot to transmit motion from Iho soalod
motor housing lo the sample. If the boot shows signs of cracking or other
damago likely lo allow leaking into tho motor housing, the boot must bo
replaced.

In fresh water applications boot life is normally sovcral years, but this may bo
shortened by exposure to hydrocarbons, moderate to strong acids or bases.-
ozone, or direct sunlight. For maximum Me rinse Iho boot after use in con-
taminated samples. (See Figure 3) '

Doot replacement is as follows:
1. Pull off old assembly and clean shaft.
2. Slido on new assembly making sure the back spring is on the grooved area

of the shaft. A small amount of rubber cement may be used.
3. Check that there is sufficient clearance between the tip and the end of tho.

shaft .to permit turning without binding.

SPRING
A-OS405

TIP —————
A.-05404

SCALH 2/1 HOOT 32

Figure 4 •

III. YSI 5750 B.O.D. Dottlo Probo
Tho YSI 5750 B.O.D. Bottlo Probe replaces tho discontinued YSI 5450

B.O.D. Bottlo Probo. It is similar to tho YSI 5720A B.O.D. Bottlo Probe, except
that it does not havo a stirrer. Agitation of tho sample must be provided by other
moans, such as a magnetic stirror. (Soo Figure 4)

IV. Cablo Adaptors
All YSI 5700 Sorios Probos arc designed for direct uso with the YSI Models

54ARC and 54AOP Dissolved Oxygen Motors. However, to uso YSI 5700"
probes with tho discontinued YSI Moduls 54MC nnd 54DP. cable adaptor YSI
5735 is ro(|uirod.

V. YSI 5791A ond 5795A Submersible Stirrers
The YSI submersible stirrers are accessories that perform the function of stir-

ring the sample being studied when making dissolved oxygen measurements in
tho field. Tho YSI 5791A stirror con be used with tho following dissolved oxygen
probes: YSI 5410. 5419. 5718. 5719. and 5739. Tho YSI 5795A stirrer is only
for uso with tho YSI 5739 Probo. (Soo Figure G)

When a stirrer and probe are assembled, the stirrer agitates the sample direct-
ly in front of tho sensor by means of a rotating eccentric weight which causes
the spring-mounted hermetically sealed motor housing to vibrate. An impeller on
tho end of tho motor housing flushes the media across the oxygen sensor. (See
sales literature and instruction sheets for further information).

YSI 6735

Figure 3 Figure 5 Figure 6



VI. YSI 5492A Dattory Pock
The YSI 5492A D nit cry Pack is designed to attach to the case ol all YSI

Model 54 Dissolved Oxygen Motors to provide power lor operating the submer-
sible slirrors. (See sale,s litoraturc and instruction sheets (or further information).

OPERATING PROCEDURES
I. Preparing the Probo

All YSI 5700 Scries Probes hnvo similar sensors and should be cared for in
(ho some manner. Thoy arc precision devices relying on goo'd treatment if high
accuracy measurements are to be made. Prepare the probes as follows. (See
Figure 7}
ALL PRODES ARE SHIPPED DRY — YOU MUST FOLLOW THESE IN-
STRUCTIONS

1. Prepare the electrolyte by dissolving (ho KCI crystals in the dropper bottle
with distillod water. Fill the bottle to (ho top.

2. Unscrew (ho sensor guard from (he probe (YSI 5739 only) and then rcmovo
(ho "O" ring and membrane. Thoroughly rinse the sensor with KCI solution.

3. Fill tho probe with oloclrolyto ns follows:
A. Grasp tho probo in your loft hand. Whon preparing tho YSI 5739 probo

tho pressure compensating vent should ho to Ihu right. Successively fill
tho sonsor body wilh olocirolylo whiln pumping the diaphragm with (lie
eraser ond of a pencil or similar soft, blunt tool. Continue filling and
pumping until no more air bubbles appear. (Wilh practice you can hold
(ho probo nnd pump with ono hand while filling with tho olhor.) When
preparing tho YSI 5720A ond 5750 probes, simply fill tho sensor body
until no moro air bubbles appear.

0. Secure a membrane under your left thumb. Add more elocirolylo (o tho
probo until o largo meniscus completely covers (ho gold cathode. NOTE:
Handlo membrane material with care, keeping it clean and dust free,
touching it only at the ends.

C. With the thumb and forefinger of your other hand, grasp tho free end of
the membrane. •

D. Using a continuous motion stretch the membrano UP. OVER, and
DOWN the other sido of tho sensor. Stretching forms the membrane to
tho contour of the probo. Tho membrane can be stretched to ap-
proximately 1-1/2 times its normal length.

E. Secure the end of the membrane under (he forefinger of (he hand
holding tho probe.

F. Roll tho "0" ring over the ond of (ho probe. There should be no wrinkles
in (he membrano or trapped air bubbles. Some wrinkles may bo
removed by light!/ lugging on the edges of Ihu mcmhrnno beyond (ho
"O" ring.

G. Trim off excess mcmhrnno wilh scissors or sharp knife. Check that tho
stainless steel tcmpornturc sensor is nol covered by excess membrane.

4. Shako off oxccss KCI and reinstall the sensor guard.

5. A bollomloss plostic boitle is provided wilh tho YSI 5739 probe for con-
venient stornno. Plnco a small piece of moist towel or sponge in tho bottle
and insert (ho probo into tha opon ond. This keeps the olecirplvto from dry-

ing out. The YSI b/20A and b/i>U probes tiin ue sioiuu in a o.w.u. uuiuc
containing about 1" of water.

6. Membranes will last indefinitely, depending on usage. Average replacement
is 2-4 weeks. However, should the electrolyte be allowed to evaporate and
an excessive amount of bubbles form under the membrane, or the mem-

• branc become damaged, thoroughly flush the reservoir with KCI and install a
new membrane.

7. Also replace the membrane if erratic readings arc observed or calibration is
noi stable.

8. "Home brew" electrolyte can be prepared by making a saturated sotution'of
reagent grade KCI and distilled water, and Ihcn diluting (he solution to half
strength with distilled water. Adding two drops of Kodak Photo Flo
per 100 ml of solution assures good wetting of the sensor, bui is.not ab-
solutely essential.

9. The gold calhodo should always bo bright and untarnished. If it is tarnished'
(which can result from contact wilh certain gases) or plated with silver (which
can result from extended uso with a loose or wrinkled membrane), return
it to tho factory for sorvico. Novor uso chemicals or ony obrosivo.

10. MjS. SOt. Halogens. Neon. Nitrous Oxidu nnd CO me inleifaiiiu'i gases. If
you suspect erroneous readings, it may be nnccssiiry lo determine if these
are the couso. Those gases have been tested for response.
100% Carbon Monoxide-Less thon 1% 100% Hclium-none
100% Carbon Dioxide-Around 1% 100% Nitrous Oxide-1/3 O» response
100% Hydrogen-Less than 1% 100% Eihylene-nonc
100% Chlorine-2/3 O» response 100% Nitric Oxide-1/3 O; response

Figure 7



Figure 0

II. Preparing the Instrument
It is important that the instrument be placed in the intended operating posi-

tion vertical, tilted, or on its back — before it is prepared for use and calibrated.
(See Figure 0). Readjustment may be necessary when the instrument operating
position is changed. Af ter preparing the probe proceed as follows:

1. With switch in the OFF position, adjust the mclur pointer to Zero with the
screw in the center of the muter panel, ncudjustmcnt may bo necessary if
tho instrument position is changed.

2. Switch to HCD LINH and adjust llu> HHO I.INC knob until Ihu motor noodlu
aligns with Ihu rod mark lit Ihu :)1"C position.

3. Switch to ZERO and adjust to zero with juto control knob.

4. Attach the prepared probe to the PROGC connector of the instrument and
adjust the retaining ring finger light.

5. Dcforo calibrating allow 15 minutes for optimum probo stabilization.
Rcpolarijc whenever the instrument has been OFF or the probe has been
disconnected.

III. Calibrotion

Tho operator has a choice of three calibration methods — Winkler Titration,
Saturated Water, and Air. Experience has shown that air calibration is quite
reliable, yet far simpler than the other two methods. The three methods are
described in (he following paragraphs.

/

Winklor Titration

1. Draw a volume of water from a common source and carefully divide into four
samples. Determine the oxygen in three samples using tho Winkler Titration
technique and avcrbgc the ihrrio values. If ono of Ihu values differs from (he
other 2 by more than 0.5 mg/1. discard that value and average the remaining
two.

2. Place Ihu probe in the fourth sample iind stir.

3. Switch to desired mrj/l rango ami adjust ihn CALinHATION control to Ihu
average value determined in Step 1. Allow tin: probo to remain in the sample
(or at least two minutes bofom siMtini) the calibration value, and leave in (he
samplu for an additional 2 minuius lo veufy stability. (Readjust if necessary).

Saturated Water
/

1. Air sa tura te a volnmu of waler (300-500 cc) by aerating or stirring for at
least 15 minutes at a relatively constant temperature.
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' 2. Place the probe in ihe s{ e and stir. Switch to TEMPERATURE. Refer to
Calibration Table I for the mg/l value corresponding to the temperalure.

3. Determine Incal altitude or the "true" atmospheric pressure (note that "true"
atmospheric pressure is as read on a barometer. Weather Bureau reporting of
atmospheric'pressure is corrected to sea level). Using Calibration Table II
determine the correction factor for your pressure or altitude.

A. Multiply the mg/l voluo from Table I by Iho correction factor from Table II to
determine the corrected calibration value for your conditions.

EXAMPLE: Assume temperature = 21 °C and altitude = 1000 feet. From
. Table I the calibration value for 21 "C is 8.9 my/I. From Table II

the correction factor for 1000 feot is about 0.96. The corrected.
calibraiion,valuc is 8.9 mg/l X 0.96 = 8.54 mg/l.

5. Switch to an appropriate mg/l range and adjust the CALIBRATE knob while
stirring until Iho motor reads the corrected calibration value from Step 4.
Leave Ihe probe in the sample for two minutes to verify calibration stability.
Readjust if necessary.

Air Calibration — Fresh Water

1. Place thn proho in moist nir. 0.0.D. probes cnn be placed in partially filled
(50 nil) Il.O.D. bolllos. Other probos con bo placed in Ihe YSI 5075A Calibra-
tion Chambur (ruler to tho following suction dosciibtnu CALIMRATION
CHAMBER) or the small calibration bottle (thn ono with Iho holu in the bot-
tom) along with a low drops of wotcr. Tho pcobo cnn also be wrapped loosely
in a damp cloth taking caro.lhu cloth does not touch the mcmbrnnu. Wait ap-
proximately 10 minutes for tomporaturo stabilization. This may bo done
simultaneously while the probe is stabilizing.

2. Switch to TEMPERATURE and read. Refer to Table I — Solubility of Oxygen
in Frosh Wntor. and determine calibration value.

3. Determine altitude or atmospheric correction factor using Table II.
4. Multiply tho calibration value from Table I by the correction factor from Table"

II.
EXAMPLE: Assume temperature = 21 °C and altitude = 1000 feet. From

Table I the calibration value for 2 1 "C is 8.9 mg/l. From Table II
the correction factor for 1000 feet is about 0.96. Therefore. Ihe
corrected calibration value is 8.9 mg/l X 0.96 = 8.54 mg/l.

5. Switch to the appropriate mg/l range and adjust Iho CALIBRATE knob until
tho meter reads the corrected calibration value Irom Step 4. Wait two
minutes to verify calibration stability.
Readjust if necessary.

Air Ciilihrntion — Son Wntor
1. Plnco tho proho in moist nir. D.O.D. prohos c;in ho phiccd in piiiliiilly filled

(50 ml) I).0.0. bottles. Oilier piohes can bo placed in Ihu YSI 5075A Calibra-
tion Chnmbor (refer to Iho following section describing Calibriition Chambur)
or the small storage bolllo (Ihu ono with the hole in the bottom) along wiili a
few drops of water. The probo can also be wrapped loosely in a damp cloth
inking core tho cloth doos not touch tho mombrnno. Wnil approximately 10
minulos for temperature si.ibiliiiilion. This may ho done simuliiinuously

"whilo tho probo is polarizing.
i 1



2. Switch to TEMPERATURE and read. Refer to Table III — Solubility of Ox-
ygen in Sea Water, and determine, calibration value.

3. Switch to the appropriate mg/l range, and adjust the CALIBRATE knob until
the meter reads the calibration value determined in* Step 2. Wait 2 minutes (o
verify calibration stability. Readjust if necessary.
The probe is now calibrated and should hold this calibration value for many

measurements. Calibration can bo disturbed by physical shock, touching the
membrane, or drying out of the electrolyte. Check calibration after each series of
measurements and in time you will develop a realistic schedule for rccalibration.
For best results when not in use. follow the storage procedures recommended
for the various probes described under OXYGEN PRODES AND EQUIPMENT.
This will reduce drying out and the need to change membranes.

Calibration Chamber

The YSI 5075A Calibration Chamber is an accessory that helps obtain op-
timum calibration In the field and is also a useful tool for measuring at shallow
depths (loss than 4').

As shown in Figure (A), it consists of a 1-1/2 foot stainless steel lube (1) at-
tached to the calibration chamber (2). the measuring ring (3). and two stoppers
(4) and (5).

For calibration, insert the solid stopper (4) in Ihc bollom of the calibration
chamber (2). Push the oxygon probe (G) through the hollow stopper (5) as
shown in Figure (0). Place the probe in the measuring ring. Figure (C). and inv
morse tho probe in the sample to bo measured for (ivo minutes to thormally
equilibrate tho probo. Quickly transfer the probe to the calibration chamber (5)
draining excess water from tho chamber and shaking any excess droplets from
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the probe membrane. For maximum accuracy, wet the inside of the calibration-
chamber with fresh water. This creates a 100% relative humidity environment
for calibration. Place the chamber m tho sample for an additional five minutes
for final thermal equilibrium. Calibrate the probe as described in the air-
calibration procedure. Keep the handle above water at all times.

After calibration, return tho probo to the measurement ring for shallow
measurements. Move tho probo up and"down, or hori/onliilly. approximately one
fool a second whilo measuring. In rapidly flowing streams ((jrcatcr ihan 5Vsi.-c-
ond) install tho probo in the measuring ring with the picssure conipcnsaiiiuj
diaphragm towards the chamber.

IV, Dissolved Oxygon Measurement
With the instrument prepared for uso and tho probo calibrated, place the

probo in the sample to be measured and provide stirring.
1. Stirring for tho YSI 5739 Probe can best bo accomplished with a YSI sub-

morsiblo stirror. If the submersible stirror is not used, provide manual stirring
by raising and lowering the probo about 1 ft. per second. If Ihc 5075 Calibra-
tion Chamber is used, tho entire chamber may be moved up and down in Ihc
water at •about 1 ft. per second.

2. Tho YSI 5720A has a built-in power driven slirror.
3. With tho YSI 5750 sample stirring must bo accomplished by other menus,

such as with Iho uso of a magnetic stirring bar.
4. Allow sufficient lime for probo to stabilize to sample temperature and dis-

solved oxygen.
5. Road dissolved oxygen.

V. High Sensitivity Mombrano
Uso of high sensitivity .0005" membranes (YSI 5776) in place of standard

.001" membrane (YSI 5775) is recommended when measurements arc to be
made consistently at low temperatures (loss than 15°C). Calibration and
readings will bo made just as if the standard YSI 5775 Membrane was being
used.

The YSI 5776 High Sensitivity Membranes can also bo used in certain
situations to increase sensitivity at temperatures about 1 5°C. The ranges thus
become 0-5 and 0-10 mg/l. When calibration with high sensitivity membranes
is attempted at temperatures greater than 15°C the selector switch must be sol
to 0-20 mg/l. Multiply Ihc calculated calibration value by 2. For example: at
21°C and 1000 ft. altitude the calibration value would bo O.G x 2 or 17.2.
Remember the 0-10 and 0-20 mg/l ranges are now 0-5 and 0-10 nu|/l. and all
mg/l readings must be divided by 2 for a final reading. When operating in this
manner accuracy will be degraded slightly.
VI. Recorder Output

Rod and black recorder jacks arc provided on Ihc YSI Models 54ARC and
54AOP. if you wish to record data while measuring. The high terminal of the
rocordor is connected to Ihc red lip jack and the low terminal to the black. Out-
put of tho YSI 54A at full scale is between 114 to 130 mV.

Uso o 50K or higher input impedance recordor itiul opoialo it with Iho lor-
minals ungrounded. Tho recorder should bo operated with its terminals un-
grounded. Calibration of J*"* instrument should be chocked nflor co>>«""-'ion r>'



mm
Many recorders havo an adjustable full scale sci\siiivit( jluro. When those

recorders are used with the Modol 54A. use the 100 millivolt rango and adjust
(ho full scale chart deflection when ihoio is lull scale motor dolloction. Refer to
tho instruction book lor the recorder. For recorders without this feature, a simple
divider network as shown below can be constructed. This is adequate to adjust
the signal for full scale chart and meter deflection on the 100 mV fixed range
recorders.

VIII. Calibration Tables Figure 10

Table I shows the amount of oxygon in mg/l that is dissolved in air saturated
fresh water at sea level (7GO mmllg atmospheric pressure) as temperature
varies from 0° to 45°C.

Tnblo I — Solubility of Oxygon in Frosh Wiilor

•'•1

Tompornturo
"C

0
1
2
3
4
5
6
7
0
9

10
1 1
12
13
14
15
10
17
10
19
20
21
22

rng/1 Dissolved
Oxygon

14. GO
14.19
13.01
13.44
13.O9
12.75
12.43
12.12
11.03
11.55
11.27
11.01
10.76
10.52
10.29
10.07
9.05
9.65
9.45
9,26
9.07
0.90
0.72

Temperature
°C

23
24
25
26
27
20
29
30
31
32
33
34
35
36
37
30
39
40
41
42
43
44
45

mg/l Dissolved
Oxygen

0.56
0.40
0.24
0.09
7.95 .
7.81
7.67
7.54
7.41
7.28
7.16
7.05
6.93
6.02
6.71
6.61
G.51
6.41
6.3 1
6.22
6.13
6.04
5.95

Table II — Corri in for Atmospheric Pressure

Table II shows the correction factor that should be used to correct the calibra-
tion value for the e f fec ts of atmospheric pressure or altitude. Find true at-
mospheric pressure in the left hand column and read across to the right hand
column to determine tho correction factor. (Note that "true" atmospheric
pressure is as read on a barometer. Weather Bureau reporting of atmospheric
pressure is corrected to sea level.) If atmospheric pressure is unknown, the local
altitude may bo substituted. Select the altitude in the center column and read
across to the right hand column for tho correction factor.

Tablo II

Atmospheric Pressure
mmHg

775
760
745
730
714
(>'.)!)
604
669
654
630
623
GOO
593
570
562
547
532
517
502

Equivalent Altitude
Ft.

540
0

542
1094
1(5 110
2274 .
21)64
3466
4002
4756
5403
6065
6744
7440
0204
0939
9694

10472
11273

_ Correction
~ Factor

1.02
1.00
.90
.96
.94
.92
.90
.00
.06
.04
.02
.00
.78
.76
.74
.72
.70
.68
.66

Source: Derived from 15th Edition "Standard Materials for the Examination of
Water and Waslcwater."

14

Source: Derived from 15lh Edition "Standard Methods lor tho Examination of
Water and Wnstowniur." , .
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Tho temperature-solubility relationship of oxygon in sea wator is not the same
as that in fresh water. For this reason the compensation error when used with
sea water is greater than when used with fresh water. For a ±5°C span the error
could be +2.2% of reading and over the temperature range of -2° to +30°C the
error could be 6.3% of reading. ' '

Tablo III — Solubility of Oxygon in Soa Water

SOLUBILITY OF OXYGEN IN SEA WATER
(Chloride concentration 20.000 mg/1)

Temp.
°C

0
1
2
3
4
5
G
7
8
9

10
11
12
13
14
15

Solubility
mg/l

1 1.41
11.11
10.83
10.50
10.30
10.05
'J.02
9.59
9.37
9.1G
8. 90
8.77
0.58
0.41
0.24
8.07

Tomp.
°C

1G
17
10
11)
20
21
22
23
24
25
20
27
20
29
30

Solubility
mg/l

7.91
7.70
7.G1
7.47
7.33
7.20
7.07
G.95
6.03
G.71.
G.GO
G.49
6.38
G.20
0.18

Source: Derived from 15lh Edition "Standard Materials for the Examination of
Water and Wastewater."

Correcting, for Salinity

When measuring dissolved oxygen in water samples with a salinity or
chlorinity between sea water and fresh water, calibrate the instrument for fresh
water iiiul make your measurements. Then correct the data according to the
following formula:

FORMULA:
(Cs/Co ( S f - S o l )

A = M (1.0- ( Sf "I!

Where: A = Actual DO of sample, (mg/l dissolved 0»)
M = Measured DO with instrument

'Co = Chlorimly of ocean water (20 o/oo Cl ion)
' Cs • Chlorinity of sample (o/oo Cl ion)

Sf = DO of saturated fresh water at 760 mm pressure and at
same Icmpcriituie as sample (m(|/l DO. obtain data from
charts in instruction manual)

So = DO of saturated ocean water (20.000 mg/l Chloride ion)
;il 7GO mm pressure niul ill samo liiinpcrntuiu as sample
(nt(|/l DO. ohtiiin cliita liont instruction mnnu;il)

'NOTE: If salinity is usud insliiiul of chlotinily the ratio Cs/Co
is computed usiiu.i 30. 1 1 o/oo lor Co (salinity of
ocean water), and the salinity of your samplo of Cs,

EXAMPLE: Muusiiiucl D.-ila
DO = .4.1

Temp = 22°C
Salinity = 3 1 o/oo salinity

M = 4.1 my/I DO from data
Co - 30.1 1 o/oo salimly from manual •
Cs = 31.0 o/oo siilinity from data
Sf = 8.8 mg/l DO from Tablo I in manual
So = 7.1 mg/l DO from Table II in manual

(131.0/30.11] (00 • 7.1 1)
A = 4.1 (1.0- ( §TF Jl

([•861 (1.7))
4.1 (1.0- ( 8.8

(1.40)
4.1(1.0- ( 8.8)1
4.1 [1.0- 0.1 GG)
4.1 (O.U34)
3.41 nuj/l

)]



DISCUSSION OF MEASUREMENT ERRORS
There arc three basic types of errors which can occur. Type I errors are related

to limitations of the instrument design and tolerances of the instrument com-
ponents. These are chiefly tho meter linearity and resistor tolerances. Type II
errors are due to basic probo accuracy tolerances, chiefly background signal,
probo linearity, and variations in membrane temperature coefficient. Type III
errors are related to tho operator's ability to determine Iho conditions at the timo
of calibration. If calibration is performed against more accurately known con-,
dilions. Type III errors aro appropriately reduced.

Individual Sources of Error

This description of sources of error can bo used lo at tach a confidence to any
particular reading of dissolved oxygen. Tho particular example given is for a near
extreme sot of conditions. As a gonorolily. overall orror is diminished when Iho
probo and instrument aro calibrated under conditions of temperature and dis-
solved oxygen which closely match tho samplo temperature and dissolved ox-
ygen.

Typo I
A — is Iho orror duo to motor linoority

Error = +1% full scale of tho moosurornonl range.
0 — is tho orror duo to tolorancos in tho instrument when transferring a

reading from ono range to another. Error = ±1% of the reading.

Typo II
A — errors due lo probo background current

( Meter (leading mg/l \ _ ... . /.—————————-—=—r ] x Calib. Value, mg/l
Calibration Valuo mg/l /

B — errors duo ro probe non-linearity. Error = -Jb 0.3% of reading.
C — error caused by variability in Iho probo membrane temperature coef-

ficient.
Error = zero if readings are taken at (he calibration temperature
Error = ± 1% of motor reading if readings aro taken within 5°C of the
calibration temperature.
Error = i 3% of meter reading for all other conditions.

Typo III
A — errors due lo the accu acy of Iho instrument thermometer when used to

measure tho exact probe temperature during calibration.
Error = ± 1.5% of reading.

D — errors due to tho assumption of moan barometric pressure.
Daily variation is usually less than 1.7%.
Error = -I- 1.7% of reading.

C — orrors assumo nn ability lo oslimnto nltitudo to within -I-GOO ft. whon com-
puting the nltitudo correction factor.
Error ** ±- 1.0% of reading.

D - errors consider \.,e possibility of only 50% relative humidity when
calibrating the probe If the actual relative humidity is 50% instead of
100"" the errors will be us follows:

Calibration Temperature ± C Error in percent ol reading

0
10
20
30
40

.

•

0.3
0.6

1.15
2.1 1
3.60

Example of n Typical Erior Calculnlion

The example given presumes the air calibration icchni(|tic II calibration is
done with iiif saturated water, the relative humidity consideration (III-D) is
olimiiiiiit'd II llii) Winklur calibration muthod is used. Type III errors arc deleted
and ii!|)l;ici:il liy tin* uncrjriamiy atlfihulahlo to Iho over nil Winkltir dulorminiilion.
Dalii: Inslrumont cnhbriitud at 25"C. elevation estimated nl 2000' ± 500'.

normul barometric piessure assumed, calibrated on 0-10 mg/l range at
7.0 mg/l. readings taken on 0-20 my/I ranye at 10.5 mg/l ut 0°C.

Type Description
IA Linearity
ID Range Change

HA Probo Background
MB Probe Linearity
IIC Temp. Compensation
IIIA Temp. Measurement
1110 Pressure
IIIC Altitude
HID R.H.

Calculations
= .01 X 10.5 mg/l
= .01 X 10.5 mg/l

.01 X \1 ... 7.0/7.0 mg/l
.003 X 10.5 mg/l

.03 X 10.5 mg/l
.01 5 X 10.5 mg/l
.017 X 10.5 mg/l

. 1 0 X 10.5 mg/l
.01 OX 10.5 mg/l i

Maximum Possible Error ••
Probable Error ••

Error mg/l
.10
.10

.03

.03

.31

.16

.18

.19

.17
1.27 mg/l

± .63 my/I
Considering a stat ist ical treatment of the probable error at any time lor any

mslmnu.'nl. it is likely thai Iho actual orror in any measurement will be about
1/2 of the possible error. In this case the probable orror is about it.5 mg/l out
of ii reading of 10.!i mg/l. or <1.fl%ol the rending.

INSTHUMIINT DATTCRIES
nailery replacement or recharging on thn YSI Model 54A is indicated if tho

"rod lino" adjustment cannot bo mado or Oj calibialion cannot be achieved.
(Warning: D faulty probo will also not permit O» calibration.)

To replace batteries remove the four screws holding the rear cover of Iho in-
strument. Tho four batteries wil! bo found on tho battery terminal board insido.
CAUTION: disconnect battery chorgor on YSI Model 54ARC boforo removing
cover.



Figure 11

The YSI Model 54ARC contains lour I.25V Ni-Cd haltorius (flur{|oss COG or
equivalent), (See Figure 1 D.^Thoso batteries should bo riichnr(jc<l whun the in-
strument can no longer be red lined. Oatiory life should ho throe years or longer.
Deeper discharge because of longer intervals between recharge will result in
shorter battery life. The batteries should be recharged overnight, about 16 hours
wilh the instrument off or 20 hours with tho YSI Model 54ARC turned on.

. The YSI Model 54ABP contains four 1.5V carbon-zinc (Panasonic UM-2N or
equivalent). The life of these batteries is 1000 hours, noplace batteries every six
months to minimize (longer of corrosion due lo (lend or leaky battorics.

Daltcry holders ate color coded. Positive (-1- button) end of battery must go to
red. (Sec Figure 11).

WARRANTY AND REPAIR

All YSI products carry a one-year-warranty on workmanship and ports exclu-
sive of batteries. Damage through accident, misuse, or tampering will be re-
paired at a nominal charge, if possible, when the ilem is relumed to (he factory
or to an authorized YSI dealer.

If you are experiencing difficulty with any YSI product, it may bo returned for
repair, oven if the warranty has expired. YSI maintains complete facilities for
prompt servicing for all YSI products. „

YELLOW SPHINGS INSTRUMENT CO.. INC.
SERVICE DEPARTMENT
P.O. DOX 270
YELLOW SPRINGS. OHIO 15307. U.S.A.

PHONE: 513-JG7-7211

c
S -1L... J



APPENDIX C-5

REDOX POTENTIAL



FIELD MEASUREMENT OF OXTOATION-REDUCTION POTENTIAL
'i

Method: Electrometric
——
Reference: Beckman Instruments, 1987

Sensitivity: 1 mV

Optimum Range: -999.9 mV to + 999.9 mV

Sample Handling: Determine on-site or within 4 hours

.1 Reagents and Apparatus:

J 1. pH meter in absolute millivolt mode,
. • ,

2. Platinum combination electrodes,

3. Beakers or plastic cups,

4. Certified pH buffer solutions, pH 4 and 7 saturated with a few crystals of
quinhydrone,

-J 5. Deionized water in squirt bottle.

3 6. All glassware soap and water washed, followed by two hot water rinses and two
deionized water rinses.

Calibration:

1. Short the meter glass and reference inputs, and adjust the STANDARDIZE control
1 until zero millivolts is displayed.

1 2. Place electrode in pH 4 buffer solution saturated with quinhydrone.

J

Redox-1



3. Record mV reading and compare to chart on Table 1.

4. Rinse electrode with deionized water and place in pH 7 buffer solution saturated with
quinhydrone.

5. Record mV reading and compare to chart on Table 1.

6. If mV readings do not agree within ± 10 mV of the Table 1 values at the given
temperature, follow electrode maintenance procedures described in the attached
manual and recalibrate.

Procedure:

1. Calibrate meter using calibration procedure.

2. Pour the sample into a cleaner beaker or plastic cup.

3. Immerse electrode in solution allowing several minutes for meter to stabilize. Make
sure the white AgCl junction on side of electrode is in the solution. The level of j
electrode solution must be approximately one inch above sample to be measured.

4. Rinse electrode with deionized water between samples. Recheck calibration with pH
4 buffer solution saturated with quinhydrone after every 5 samples. m

Notes:

1. Eh is temperature and pH dependent. Therefore, the temperature and pH of
samples should be measured at the same time as redox. For refrigerated or cool
samples, use refrigerated buffers to calibrate meter.

2. Weak organic and inorganic salts and oil and grease are interferences in Eh
measurements. If oil and grease are visible, note on data sheet. Clean electrode with
soap and water, polish with scouring powder and rinse with distilled water. Then
recalibrate meter.

Redox-2



3. Before going into the field:
j

a. Report any problems;
Jj b. Do a quick calibration with quinhydrone saturated pH buffer solution to check

electrode;
5| c. Prepare fresh quinhydrone saturated pH 4 and pH 7 solutions daily.

|j 4. Following field measurements:

1 a. Report any problems;
^ b. Compare with previous data;
m c. Clean all dirt off of meter and inside case;
-J d. Store electrode as follows;

1) Slide rubber sleeve into position over the filling hole.
2) Place cot over tip of electrode by threading platinum wire through opening

and sliding cot onto glass body until porous plug is completely covered.

JDD/jkk/CAW
[wpmisc-600-39]
60776.05

Redox-3



Table 1

Redox Potential Calibration Chart

Quinhydrone Saturated pH 4 Solution

Temperature °C 20° 25" 30°

Theoretical Value (mV) +268 mV +263 mV +258 mV

Qulnhydrone Saturated pH 7 Solution ™

Temperature °C 20° 25° 30° ™

Theoretical Value (mV) +92 mV +86 mV +79 mV 3

Instrument reading should be within ± 10 mV of Theoretical

[wpmisc-400-12]

1
J
3





WARRANTY
Your 4™ (pHl1^ 10. 11. or 12 pH Mater is warranted 10 bt (re* ef manufacturing dtfecu tor on* (1)
jrtar from (rw date of purchase. This dot* not include any defecu trial art Ih* resuR of a£usa or misuse
ol IfM instrument. Beckman Instruments, Inc.. win, al Beckman't option, repair or replace your injtru-
rn«nt with a comparable unit. This is a Ernited warranty. You may have additional rights under your state
laws. Batteries are not included in tfiis warranty.

WARNING: W* ec>p<ae/if eenenMaa, uttt. andean racTera niSoInquvicr
tn*ryy*ndm*ye*vttintt<ftrmncHon&oCBrrmuaicixnj. Imptcptr ntult-
ton or moOTicition et tfi* Knjipmv* nay inentit httrttnnc*. e titi btta
utitdiad bundle comply witn tht Smu Ax a Oitt A camputiny e%ncepur-
ttont lo SubptnJ ol Pin IS ol fCC Ruin, which an tttvgntt to prcvitf
niioniot* prottction iglinit sucfi rUtrftrtnct wtnn optrtlfd it I convner-
CJa/ tminnmtnl

Op»r*tioi> o/ *Vt Kjuipm*nl in * naxStn&tl area may aus* innritnne*. in
wtucfi ca» VM vie/ ft hit own ejptrue mf bt rrevifKt to fa*e wtuimr .
m»*tum may fee nqvirrd to come O>» intwltrtnc*.

Btckman Instrueioni C1S-2^«00-B

BECKMAN
*™10 pH Meter
*™11 pH Meter

pH/ISE Meter

Beckman InilnimenU. Inc.
1987 Beckmjn lnilrum<nu. Inc.
Scientific Instrurrwnu Divaion FuBenon. CA S»*«-3100



MEASURING mV AND RELATIVE mV ($11, $12)

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS
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•;-••*-"•"•' '.-
{•"•-•* ':'• V''

''•.J-'-T-"-":--

• "'. T -•• ".".'

pn MEASUREMENT: DETAILED INSTRUCTIONS

METHODS: Th* pHl ia 11. and 12 can m*a*ur» pH from 0 to 13.99. They -a perform on*- or !*o-
pom standardization automatically, using any buffer Osivd btWw. at any a-r.;ttmttn -J'C and IWC

STANDARD pM SUFTVtS AECOCNIZEO BY THE pHl 10.11. AND 12:
1M. 4.00, 7M. IO01,12.41

TWO-POINT STANDARDIZATION METHOD:

Itw-point standardization. th> pref»rr*d and rner* accuniu mrnod of ;H ^.•tsjnr-t-..
anouW 9* ui*e when pH accuracy of beyond ± 0.1 pH b rtc îrtd. UM ti.."«n u ecu
to Dw sampl* pH as poss£l«: on* aaovi. and on* bvlow. (For »umpi*. if tvnfH ;H a
afiout U. us* 7M and 1ODI pH buff«rj).

ONE-POINT STANDARDIZATION METHOD:

On*-poini sundardbation. a tomrvhat fasuv proctdura. b nc:mm*nd»£ onry i (a!.
accuracy of ± ai pH unit b acccpuol*. and (b). sampl* pH b »itfun li pH e< B-u c» -.-.buftV us«d tor standardization.

pH MEASUREMENT PROCEDURE:

1, Connect •l*ctrod*(s) t> appropriat* inputs):
a. B a cornoifuion *<KWC* is us*d. conncc! tt to In* input marud -;H-
b. V an *<*c9od* pair b us«d. canntc. In* indicating *l*cvoc* v '.*:• f^\x -j.-u<

•pH~ and tfi« r*fM*nc* dKMd* 10 91* input mirt»J -REf~.
e. For b*n*r accuracy, or wh*n m*asuring ancVor stancarcizing at a a.mpfa-vi ;f

otn*r than M'C cenn*c! a B«ckman 59S1U Automnc Ttmptrar.-r*
Comp*nsalor proo* to input marked "AIC".

.
3 Rin» *l»clred«(>) (and ATC H ua*d) witfi dtioniitd waitc Blcl ««•»».

4. knm»n« >l»Kred*(>) (and ATC if u**d) in first lundard. SUr entity "to tl»crr< jj a
nmcv* Suboln Irom tttcood* surfaces. Pnsa [ "J. Disal»r«d pH v>^t *a .-jt >
nuduuon of 001.« 0.1 nsohrtion b titsirtd. prtssf^-].

i. P»s> Cf\- Whin |<K ] stops flasning. display wiB 5fto« [pH vaJu*
«>.>•»).

& Kns* •I*CUD<3«(J) (and ATC proo* if used) wiut diiofliztd »n:«r. Blei ticc
to appropriau slip, accsrding to dtsirtd typ* of standardization:
a. B ONE-POINT standardiia^on attb* used, instrurrcm a naey fe' sar^r

m»a5uriRunc pnxtcd to Sup 9.

b. V TWO-POINT nandardiiation b dcsirtd. procMd a £i*p 7.

7. Invntrs* flKtrod*(i) (and ATC if UMd) in stcond sundait. Stir bncfly
lo r»mov* bubbles Irom tltami* surtacts. Pr*is [S^l. Wntn (<t> ] rces
displar«<1l>ncw[pHvaliwlock«d. OD. P> ». >• »).

(. Rins* il*ctro£*(s). (and ATC proc* if us*d) with d»ioniztd wairr. Blct ucns.

8. trrsntnt (l*cuoi»(i) (and ATC if UMd) in larapl*. Slir trtfty witn •iK'.-sdei. ?riu
[PI ]. Wfi«n [<x>] nopi Dasriing. display will Jhcw JpM vilut lociicd. <3> J.
M*asur>rn«nl b ncv camplcu. R«p*at Sups 1 and 9. asev*. tar leeiiic

ia II co<unuov> pH rnenHoring 'a Osirtd. prtsi [««»]to turn ct Auto Hue

MEASURING mV AND RELATIVE mV (*11, *12)

MEASURING CONCENTRATION ($12)
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pH MEASUREMENT: PRINCIPLES AND THEORY

The pH110/11/12 pH Meter la euenilaly a Mgh-impe<jino» voltmeter with i mieroc:mpu!er aat
translates voltage and temperature data Into pH unit*. Ai 2S*C. the ieeal ;H eieeroee r<vt-n
d*v*iop* -19 mV per pH unit increase. w* 7.00 pH - 0 mV.

Standardization allow) the meter to compenule tor non-Ideal electrode cAarac:>n»:!cs. Cr*.
pc.nl slandardiation compensates tor mdtvolt offset: two-point stand a/dizaiien csneersa:es te/ Xi.l
miJlivon ofisei and slope deviation. Set diagram below.

»mV

-mV
Ideal and Actual Electrode Response Compared

The pH110, 11, and 12 may be standardized with any of five standard pH buRen: l.il, 4.TC. 7.CQ.
10.01. and 12.45. Standardization may be accomplished with any two buffers, used in a.-.y srser >-<: t:
any temperature, if ATC is used). When^J is pressed. Ih* instrument automaucalry reca;-crs ?.e :t'«-

The relationship between pH and elecvoCe voltage changes with ttmperaivre. For precise pH
measurements or temperatures not dcse to K'C. a Beckman SS8115 ATC (Automatic Tir^enxre
Compensator) probe should be used. Wkn Uiis probe, th* instrument automr.icUy csrvtnsaus tr re
Umperalure eharaoeristics of the buffer, permming a sample to b* measured U any terr.jtnsyt. r-»r.
V different from th* buffer temperatures. With ATC. the instrument measures and display] :e.'RC«rz-̂ ru
from -5«C to 100'C

If an ATC probe is nor used, the insavment defaults and displays 25 'C

The pH calculation Is based on the Nemst equation:

. .
•

2 JUT

E a the total potential, in nulttvolu. devtloped between the sensing and relerence e!ec*J^cs: f , •n-xi
wrtfi th* choice of elecradev temperature, and pressure; 2 JrTOn? a the Nervsl lacur (/t u>e f a.t
constants, n is In* change en th* ion. including sijn. T is th* temperature in decrees KeNw). t--£ a, a
th* activity of th* ion to which the elecnde is responding.

For hmlwr information on principles and theory of pH measurement, rater to The B«t-j.-i Ka.-.cacc<
of Applied Electrochemistry (Geckman Bulletin 7739).
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FOR ACCURATE mV MEASUREMENTS WITH THE +11 OR +12. THE
FOLLOWING ITEM

1.

,tion(,),

4. .

6.

7.

MEASURING mV AND RELATIVE mV ($11, $12)

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS

1
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For RELATIVE mV Measurement,
Proceed with following steps:

fcx
H

3 TO NEXT ?»^H.

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING



:V:V> %&-•'•;:
::*'?&; i-liK-i.'-,

' ••'.-. -Vj •-.'.' •"• .• "."£ '•-.-

mV MEASUREMENT: DETAILED INSTRUCTIONS

mV MEASUREMENT: TYPICAL USES

Some ueee ol the rnV mode an monitoring chemical reactions, quantltylng lena, and determining
the ardUlng-reducIng potentlel (ORP) el * given eemple. Because suet measuremera are usually
rot specific lor a particular ion or species, readings must be interpreted carefully » oeu.n rr.eanricful
results. The user should have an understanding ot the reaction tnal is occurmg. or is eeured. and el
any sample components that could pcianuaAy interfere. For more detailed ntoirrjlcn. refer s '.ha Secx.-Ra.-i
Handbook ol Applied Eleenxhemmy (BecKman Bueetin 7739).

The mV mode may also be used with Ion-selective electrodes. The relative rnV mode csn be used
In the standard addition or standard subtraction method ol Ion analysis.

STANDARD SOLUT)ON(S)

Make up appropriate standard solutions) to provide known vollage(s), depending en tne reierenci
electrode used and the temperature. For example, common standards usee in redo n-.easurercena
a/e pH 4 and pH 7 buffers saturaud with quMiydrone.

mV MEASUREMENT PROCEDURE

V. Connect elearooes to appropriate inputs:
a. Connect indicating alecnde to input marked "oH". A Pin-tc-BNC Adanor may be recvree u

most metallic eleerodcs have a pin csnnecwc
b. Connect retortnce eleerodt to input marked ~R£F~.

2. Press [0|te turn on instrumeRt. then press 1 ' I to dear. Display will shew [ ClA A'JTG).
1 Rinse electrodes with deienized wrei, Bid eicess.
4. Immerse electredes in desired sclution. Press [*•]. Displayed value b acscfcre rr1/. as r£<.

by display of [ ** (. When (<X>) stops flashing, display will show [ mV reacin; locud. <I> \.

KELtTIYf mV MEASUREMENT PROCEDURE

V Pertocm Steps 1 ttuougn 3 of mV MEASUREMENT PROCEDURE, aiiove.

2. Immenielectrodes in standard solution to be used 10 estabSsh the lero mV point. Press [m ),
than (2J. Whan | «> 1 stops Rasning, aaplay wi» read (OOOO mV J. Nde that, in rsV moce.
pressing [pjeauses the instrument to esablish the ten mV point at the value of '.'.• c.iren
reading. R desired, this step may be repeated at any time to re-estabGsh !he arc rnV peirx.

1 Rinse electrode* with deionaedwaaL Blot eicesa.

4. bnmerse electrodes in sample. Press ("«•]. Displayed value b /e/etrve mV. as indicavd by c~a;lay
of [ REL^nV j. When | d> | stops Basrung. display win show [sample relauve rrW vaX-e ioctae.
CO ). Absolute mV reading ol the standard solution b •vromtlica'Jy subtneed irem tf-.e afsdute

mV reading ol the sample, resulting in a relative mV reading lor We sample.

5. II eonpnuoirs readout ol relatrve mV a desired, press [«n»]to turn ofl Autt P.iad !unc*̂ on.

NOTE

VOLTAGE DIFFERENCE BETWEEN STANDARD
SOLUTION AND SAMPLE MUST NOT EXCEED 1000 rnV.
MAXIMUM DISPLAY RANGE M mV MODE IS ± US J mV.

NOTE

IN mV MODE. THE SM11S AUTOMATIC TEMPERATURE
COMPENSATOR PROBE MAY BE USED FOR
TEMPERATURE MEASUREMENT AND DISfUfT. BUT
DOES NOT HAVE ANY rEMPEfUTURC-COMPENSJT'MG
EFFECT.

MEASURING CONCENTRATION (4-12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING
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FOR ACCURATE CONCENTRATION MEASUREMENTS WITH THE «12.
THE FOLLOWING ITEMS ARE RECOMMENDED:

1.

4.
' 5>——; ' ' s——- "fco cl««n beiktn er tqurvili
-——1 -——2; Ipproimialy 10C-ao mL. t

two IUnCj/d JOlulioni.

;H,O on

7.
^ ^^ **E

F« p»n numb«rs. set"

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING
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The following procedure. utilising Nn>pcin ju/idardaation. ca/i b« used to mt a
fens in almeal any dMired units.

STANDARD SOLUTIONS:

Standards can b* made tram any typ* of solution, with concentration! selected tram the
following vmlu.i: 1 JO, 2 JO, 3.00, 10.00, 25.0, «LO, 100.0, 2SO.O, JOG, and 1CCO umta.

Uniu ol concantraiion may bt any that In* user flnda convenient. CONCENTRATION UNITS FCS
BOTH STANDARD SOLUTIONS MUST BE THE SAME AS DESIRED FOA SAMPLE BEACINGS.

Some examples ol unio lit: pans per million, percent. moles per tut. pairs. pe' t-B«n.
millitquivalanu par tier, and ounets par gallon.

Select two •tandtre' valuta aa cloa* ai poaslblt to th« anticipated sample value. jrrieriiry
with on* standard value b*low and on* standsrd vtlut above th« sample, hi CU.TC*. - >*.•*£•• s&i/
b aboul 150 miKmoiii ptr Rltr (nM). nra« up itandanis of 100 mM »n« 2SO .T.M. II sar.pit
concantralion varies wietly. tor tumpl*. batwMfl 10 molal and 75 molal. rr.jxt up ro.-Ci.-CJ el
10 molal and 100 mclal.

Standards and sampltt should b< at In* sam* l*mp*ratura to avoid l*mp*ra^r*-tf«:>r^*ni
variations in nadinp.

NOTE

Standard and lsc.pl* solutions may raquv* ionic strtn^t
adiunmtnt or inttrftring ion removal. Consult tlKVCCt
Instructions tti CttaJs.

CONCENTRATION MEASUREMENT PROCEDURE:

V. Connect tltctroc'ts to apprcpria;* inpuB:
a. Conntct ion-siltc'Jv* tltcroc'i to input marked ~1SE".
b. Conntct rtftrtnct »l»ejoi* to input marktd "REF".

NOTE

II. in addition to the ion-seltciivt elsclrodt. a eomtinaticn
pH tltctroda is ccnnecttd to In* instrument AND is \o :•
immcrstd in tnt same solution, DO NOT us* a stpani*
reference electtoot.

2. Press [g)| to turn on instrument, then press I ' |lo clear. Display win shew [ Ci. ALTO ].

a Rinse eltctrodes witn ceioniztd wiar. Blot ticess.

4. Immerse electrodes in First standard solution. Press [«*«). then prtss fy lasmanr £<r.es as r*r.t-
ter tne concentrarion value ol D* Tint sandard to show on In* display. W t̂nT^") s ;rtued rt;t CKV
U<« display steps tnreugh the (oOcwing valu»: 1M. 250. S.OO. ia 25. SO. lC3:2 JC. KO. jri ::-:c
concentration units. For iumpit. if uw concentration ol the standard is 100 units. ;••» [^JiKi-i
times and the display win jrxw [ 100 \ When [ <x> ] stops flashing, display win j.-̂ - { iCu &.<f.
<» . > »).

5. Rinse electrodes with deioniied wa'^r. Blct eicess.

6. Immerse tlecucdes in second randan! scjution. The first and sec:r.d s:indi.-:s r.̂ r. ie f~ff..
but can b* measured in any ordic Press [^* )»s many times as needed icr .̂e .isp'ay tt sr-^« •„-•
concentration value ol the second standard, e.g.. 2SO. When [ <x>] r.cps Cas.'Mr;. c~i;iay wiii i.-̂ .
12SOIoeked. <x> . b. i).

7. Rinse electrodes with deioni:td otter. Blot eicess.

8. Immers* elecuodes in sample. PiessfST). When [<x> ] stops Itasning. dis:l>; «3 i--.cw | »-; i
value locked. <x> ). Measunmenl is new complete. Repeat Ste;s 7 >.-d t, »±oe. !c> «r;--:-iJ
samples.

9 II conrinuoui ccnccnt-ation rejccul is desired, press f«n>)a turn eft A^ro Sn: Xr<r_on.

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES
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ELECTRODE CONNECTIONS 1
CONCENTRATION
ELECTRODE
(ISE).
BNC-TYPE
CONNECTOR

ELECTRODE.
2 mm PIN
CONNECTOR.
DO NOT USE IF
COMBINATION
ELECTRODE IS
ALSO USED.

pHorrnV
E'.ECTRCCg.
BNC-TYPE
CONNECTCR

SENSCR.

TEMP.
DISPLAY.

DISPLAY FEATURES AND STATUS INDICATORS
DISPLAY

TO

T
Cl

A
ml
JL.

Tt>t l*r$» digits snow th* tedowing:
1. Readout or n» meuvrid variable fH. mV. or concamragon.
2. {Ctr] is displaytd. indica^no inat insimrwnt is e!*ar*d. «r<<n [ c )'o prt»»d.
a Error mmijt:

|Er] indicans an nctssin, potentially damaging, input vclta;t. fy^caBy cavirg iy
siaiic (Iteuicity when UK tltcuod* pair to not in solution. In mis CIM. imr.tix
•Itctrodts in solutien. prtss [ c \ and pneatd with miaiunrr.tm. H [£.-] agih
•poxan. check connections and electrodes tor possible open circuit.

The small digits display umpenture in "C. Win lead 2S*C il ATC not plugged 'n.

AUTO READ ON/OFF Indicator lor AUTO READ ON/OFF Xey. described subse^e.iny
AUTO READ Statue Indicator (eye symbol). Func-Jons during sundarciation and »•••<-.
Instrument a in AUTO mode. During sMnda.tb«ion. the eye symbol sura Hashing
when (jL'lis pressed, and lock* on when the reading has stasiliied. During ttirf.* .rjitt.n.
jpenf in AUTO mode, the eye symbol SURS Hashing when a mode key a pressed, and loc « :.i
when the reading has statefeed. The reading remains locked unU a mode key is presses. - an
Interval ol approximately 30 minutes elapses without a key being pressed, tie instru.-r.ert i_-j
oft automatically to conserve the batteries, ttt retains all standardization data in nxrfff

STATUS INDICATORS
Indicates that ATC is plugged in. The instrument measures and display) temperature »£•>. --«
range of -5'C and 100'C. Display ol [Er] indicates Ihr the temperature tensed b Cvta-ct r-e
measuremer* range, or the ATC is nonrunr-acnal.
Indicates that ATC is not phj;;ed in. The temperature reading delaulu to 2S*C

'}

Indicates that instrument is in pH mode.

Indicates that instrument a in mV mode.

Indicates that instrument is in relative mV mode.
+11 and +12 eruy.

c«c
A bidicates that instrument is in concentration mode. +12 only.

Indicates that one standard has been used to standardize lor the selected mcuure.r-.er.: .TO
rs (pH erCONQ.
) Indicates thai two standards ?iave been used b standardizf for the selected measurerr.erj .r-<

C3 (pH or CONC).

Indicates a questionable electrode »ne!oi standardiialion.

Indicates that baneries should be replaced.

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIFS
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KEYPAD

MILLIVOLTS
(«11.*12. only)

RESOLUTION
(pH only)

AUTO RzAO CCNCENTrJkTC.S
OHIOFF (el 2 crjy)

LU

KEYPAD FUNCTIONS

KEY

I /j\ I Instrument ON/OFF Key. WhenOFf. th* instrument retains th* sandardzaticn data in ir.emcry.
I ^ I Instrument shuts on automatically alter 30 minutes of inactivily il AUTO READ is ON. (See u'cw.)

f - 1 Clear Key. Clears instrument, reselling all standardization data to Ci.'iutt valves, and nrit.->.g
1 ' instrument to AUTO Mode.

Auto Read Key. Turns Auto Read function ON and OFF:
1. When Auto Read is ON:

a. The word (AUTO| appears en the display.
b. The instrument lens the electrode signal for stability Curing utis :tx. [ <3> ]

flashes CN and Off. When Lie signal has met the stability rec-jirewer.; (it-
SPECIFICATIONS). [<X>) remains on continuously, i.-.: :he digital iazfr/ lcc«s
onto th* reading. No further measurements are made until a key is presses

c After 30 minutes without keypad input, the instrumef-t turns eft î torniLu^y tut
retains all standardization t*»iy

2. WSen Auto Read is OFr:
a. [AUTO] disappears Jrsm display.
b. The instrument ccntinuousry measures and displays in :>.* se!ece£ rr&ct: pr*.

mv. or CONC
c After 1 to 2 hours witnout keypad input, the instruner: turns cK a :̂crr.a;<aJy t-jt

retains all standardization data.

pH Resolution Selection Key. Changes reiclulion cf the display: ;rt ruirr.; !icm ::t v 11
pH unit, or vice versa. At the lower resolution (0.1). lime required 'd •_•• Au:o r.ead ta 'at* j
shorter. (See SPECIFICATIONS).

Selects the pH measurement mode.

Selects the mV mode (pH111. pHI U). for measurerr.ent c' either a:sclute er rela:iv*
millivolts. Se* MEASURING mVXND RELATIVE mV.

Selects the concentration measurement mode (pHI 12). Used »<th specific icn elecvMes

Standardize Key. Standardizes instrument. Cepends upon mode.
a. pH Mode: |̂ JD| Key causes the instrumenl to automatically idenuly the pH value cf :'t

buffer from any one ol tfx fefloxing: lia. 4.00. 700.1001. and 12.45.
b. mv Mode (pH111. pH112): |̂ JC] Key causes the instrument to es:a£lish the :ercwri~c^

Uvel at the valu* of in* current reading. Instrument is no» in Relative mV mode,
c CONC Mode (pH112): Repeated pressing of Î T1-*) Key causes the insuvment 10 step

through the following sequence of values: 1002.SO, SCO. 10. 21 X. 100. 2:a SCO. a.-£
1000 concentration units.
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INSTRUMENT
BECXMAN
•AKTNO.
pH MEASUREMENT

Rang*

Resolution
(Selecabl*)

ReJattv* Accuracy

Auto Read Mod*

•HMO

1J3135

0 to U.99 pH

0)01. at
pHunrt

123133

0 10 1iS» pH

aoi. at
pHunil

0 »tU9 ;M

OC1.O1 ;H una

±001 ;H

0.1 pH Resolution: Display locks af.*r reiclng is iui« *fL*im '.- -r-f
tor 4 seconds.

1 pH Resolution: Display locks aTer retc^ig is lUM *i?jn 1! .rr/
tor t sfconea.

•XI «

1J31M

Bufierj Recognized by Instrument: I.M. 4O&. 7M. W01. 12.'S pH.

MILUVOIT
MEASUREMENT

Rang*

Resolution

Accuracy

Auto Rtad Mod*

CONCENTRATION
MEASUREMENT

mVAecuflcy

Auto Rtad Mod*

Ustabl* Standard
Values

-99U to * 9993 mV

i(L2rhV
nading. rtlativ* mV

-9*93 a » 9993 .-TV

0.1 mV

±02 mW sO
rtacln;. fti»uvt rrv

Display locks alt*r raafiin; is Eii< witnin CJ —V
tor 8 seconds.

±0! rrW

Display loco a.*:*r
reaclng is SU2I*
Mttwn O2S mV tor
liecenes.

Tm values, in any

1A 2i ift Ml 21
sa ioc zia soc.
1M10CO.

;]
;]

TEMPERATURE MEASUREMENT (AU. MODELS)
Rang*: -S'C to IM'C
Re solution: aiX
Accuracy (tMtti Beckrnan £9811! Prcii*}: ±OJ'C

MISCELLANEOUS (ALL MODELS)
Input Connections:

1. BNC input tor pH. mV. and csncenuaiicn.
2. 2*mm pin connector tor reference elecvo^e,
3. Miniatur* phon* jack tor Beckman I9J115 Automatic Temperature

Operating Timpcniur*: JS'C to O'C. ameienl,
Pcwtr Source Two litnium cells. 16 volu eacM. AA Sat.

Error Indications:
1. Input ovcnolu;* (at modes)
2. Temperature compensation non-functional
3. Lew batteries
4. Cuestienabl* ele

«: S2 inches » 33 inches » 1J inches.

I
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Platinum Combination Electrode
Catalog No. 13-639-82

The Fisher platinum combination electrode combines a
silver/silver chloride reference element and a platinum-wire
indicating element in a single probe. This "dual element"
configuration eliminates the need for two separate
electrodes and is especially applicable to measurements in
narrow-neck flasks and other restricted-entry receptacles.
The platinum combination electrode is recommended for

use with automatic titrators and similar electroanalytical
equipment. The close physical proximity of the porous-plug
liquid junction to the platinum-wire indicator section results
in reduced resistance between these elements and
produces a rapid dynamic response for both redox
measurements and potentiometric titrations. Additionally,

te electrode is ideally suited for any application that
Nv-rhvolves the measurement of oxidation-reduction poten-

tials or requires the use of a "noble metal" sensor.
The electrode measures 5 inches with a 30-inch lead, and

functions over a -5° to 110°C temperature range. The
filling solution fs 4M KCI saturated with AgCI (Fisher No.
So-P-135). and flow rate at the junction is less than 8 ̂ l per
hour at an 8 cm head. Reference output is 44= ImV vs.
S.C.E.. while junction resistance is less than 10K ohms.

INSTALLATION
Place the platinum combination electrode into service as
follows:
1. Remove cap from supplied filling-solution bottle, and

I screw on dispenser spout
2. Lower rubber sleeve on electrode body until filling hole is

exposed, and fill reference cavity with electrolyte until
l meniscus reaches a level approximately Vi-inch below
| filling hole.
• VO TE: Always use4M KCI solution saturate d with AgCI

-^/(Fisher No. So-P-135) as the electrolyte. NEVER U-SE
I SATURATED KCI FILLING SOLUTION.
I 3. Place electrode upright in empty beaker to permit filling
' solution to wet and flow through porous plug, as

evidenced by formation of KCI crystals on outer surface
s of plug.
1 NOTE: If no flow is observed within 30 minutes, or if
• response is unsatisfactory during an analysis, soak

electrode in dilute KCI (0.1M) for several hours, and

i then perform the following procedure:
a. Hold electrode (cap up) at a 45° angle between thumb

and forefinger on left hand, so that filling hole faces out
and is directly opposite base of thumb.

§ b. Insert dispensing spout into filling hole.
1 c. Make sure that electrode is supported by base of

thumb, then firmly press spout into filling hole to make
an airtight seal.

• NOTE: Normally, spout tip will not touch internal
if element; while applying pressure, however, care

should be exercised to prevent contact. If necessary,
^ cut off a portion of the tip.
! d. While maintaining seal, squeeze filling bottle firmly so

that electrode becomes pressurized.
NO TE: A bead of liquid should form at liquid junction
in about 30 seconds: in some cases, however, it may
be necessary to maintain pressure for several
minutes. If flow cannot be established, refer to
REJUVENATION section.

4. Mount electrode on suitable holder and connect jacks to
pH meter.

OPERATION
For optimum operation with the platinum combination
electrode, observe the following general procedures:
1. Rubber sleeve should always be lowered on electrode

body to expose filling hole and permit proper electrolyte
leakage.

2. Level of electrolyte must always be maintained above
surface of sample solution to avoid backflow of sample
into electrolyte. Refill reference cavity as required.

3. After removing electrode from one solution and before
immersing in another, the outer surface should be rinsed
with distilled water.

STORAGE
When not in use, store the platinum combination electrode
as follows:
1. Slide rubber sleeve into position over the filling hole.
2. Place supplied cot over tip of electrode by threading

platinum wire through opening and sliding cot onto glass
body until porous plug is completely covered.

REJUVENATION
Rejuvenation of the platinum combination electrode may
only require a simple cleaning. Occasionally, a more
thorough cleaning is required, or the porous-plug junction
may have to be unblocked. Each is covered separately
below.

Simple Cleaning
A simple cleaning of the electrode is done as follows:
1. Wash electrode surface with a good detergent.

NOTE: RBS-25 detergent (Fisher No. So-C-181) is
recommended.

2. Polish platinum wire with scouring powder.
3. Rinse electrode thoroughly with distilled water.

Thorough Cleaning
For a more thorough cleaning, perform the following:
1. Connect tip of large cable plug to negative terminal of a

22V dry cell, then immerse tip of electrode in a IN
solution of hydrochloric acid.

2. Similarly connect a platinum or graphite electrode to
positive terminal of dry cell and immerse tip of electrode
in same solution.
NOTE: Hydrogen will evolve rapidly, and the metallic
electrode will be cleaned by electrolysis in 5 to TO
seconds.

3. After cleaning, disconnect both electrodes and rinse

Instrument Manufacturing Division Fisher Scientific Company



each with distilled water.

Unblocking the Junction
f the liquid junction should become partially blocked.
oerform the following:
1. Inspect reference cavity for crystallization.
2. If crystals are evident, proceed as follows:

a. Remove filling solution by shaking it out through Tilling
hole.

b. Rinse cavity repeatedly with distilled water until all
crystals are disolved.

c. Refill cavity with fresh 4M KCI solution saturated with
AgCI (Fisher No. So-P-135).
CAUTION: Never use saturated KCI as the electro-
lyte,

d. Repeat all of step 3 under INSTALLATION.
3. If difficulty persists, perform the following in sequence

depending upon the severity of the blockage:
a. Soak electrode overnight in dilute KCI (0.1M).
b. Boil junction in dilute KCI for 5 to 10 minutes.
c. Carefully sand or file the porous plug junction.

3
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Instrument Operation Procedure
GASTECHTOR Model 1939

January, 1991
Page 2

SECTION 1
SCOPE AND APPLICATION

The GASTECHTOR (GASTECH) Model 1939 OX Gas Surveyor is a battery-powered
portable instrument that can detect and indicate concentrations of combustible gases and
oxygen in air. Combustible gas is measured in two ranges: 0 to 100% Lower Explosive
Limit (LEL) and 0 to 100% by volume. Oxygen is measured over a range of 0 to 25% by
volume. The instrument is equipped with a meter and audible alarms that sound
whenever gases or oxygen concentrations reach preset levels.

REFERENCE

GASTECH Gas Surveyor Model 1939 OX Instruction Manual

APPARATUS

• GASTECH Model 1939 OX
Battery charger

• Probe, 10 inch long, 1/4 inch OD plastic tube and dust filter
Hose, 6 foot flexible nylon-jacketed polyethylene tube
Calibration kit consisting of cylinders of methane, 2 to 5% LEL and
50 to 100% by volume concentrations
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SECTION 2
DESCRIPTION

2.1 METER

Instrument readings are displayed on a meter, visible through a window on the top face
of the instrument case. A mark on the scale, BATT CK, represents the minimum
permissible battery voltage, as an indication of the state of the charge of the battery. The
meter face has three scales.

2.1.1 The top scale is graduated from Oto25% O2 for indicating concentration of
oxygen. A calibration CAL mark indicates 21% Cfy-

2.1.2 On the middle scale the meter reads gas concentration as 0 to 100% LEL.
100% LEL represents the minimum concentration of vapor in air that will ignite or
explode when an ignition source is present

2.1.3 The bottom non-linear scale reads 0 to 100% gas (%GAS) for indicating high
concentrations of combustible gas.

2.2 CONTROLS

The six controls that are used in normal operation of the instrument are arranged on the
left side of the instrument as viewed from the rear, and on the top. These controls are
recessed to minimize possibility of accidental operation.
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2.23 Gas/LELZero

A potentiometer which is used to adjust circuits to read zero in the absence of natural
gas. The potentiometer shaft is fitted with a control knob for convenience in adjustment.

2.2.4 OXY/Gas-LEL Switch

An alternate-action push button switch used to select the combustible gas or oxygen
range. In the OUT position, the instrument is in the GAS or LEL range. When IN, as
indicated by the colored indicator dot, the circuit is in the OXY range.

2.2.5 Gas/LEL Switch

An alternate-action push button switch which selects the operating range for detection of
combustible gas. In the OUT position, the instrument measures in the 0 to 100% LEL
range. In the IN position, the instrument measures the 0 to 100% GAS range. A colored
indicator dot shows when the switch is IN.

2.2.6 OXYCal

A potentiometer which is used to adjust the circuit to read 21% when the detector is
surrounded by normal air. The potentiometer shaft is fitted with a control knob for
convenient adjustment.

2.3 INDICATORS

Alarm lights, red and amber, illuminate when the corresponding section of the
instrument is in an'alarm condition. The red light blinks in an on-off pattern of equal
length pulses, to show that the instrument is in the combustible gas (LEL or GAS) alarm
condition. Amber light blinks in a short-long pattern to show an abnormal oxygen
condition.
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2.4 BUZZER

A solid-state electronic buzzer is mounted at the rear interior of the instrument. Tne
buzzer gives a pulsed tone on detection of gas, and a continuous tone in case of a m
malfunction, either low battery voltage or a down-scale drift of the meter. The audible M
tone pulses correspond to the visual pulses of the corresponding alarm light except in the
case of excess O2 which gives a steady tone. jl|

TABLE 1 0
ALARM SETTINGS 3

% Oxygen: < 19.5% and > 25%
%LEL: >20%LEL
%Gas: ' > 20% Gas

I
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SECTION 3
PRINCIPLE OF OPERATION

3.1 LEL RANGE

This range gives readings in terms of percent of the lower explosive limit (LEL), with
100% corresponding to the LEL of the specified gas.

Detection in this range is by catalytic oxidation on a platinum element, with the heat of
oxidation producing a temperature rise and hence a resistance rise of the element. This
change is approximately linear up to the LEL provided there is sufficient oxygen in the
sample to support combustion.

3.2 OXYGEN SENSOR——————————————

The oxygen-sensing detector is an electrochemical cell in which electrodes are immersed
in an alkaline electrolyte, and covered by a permeable fluorocarbon membrane. Oxygen
from the surrounding atmosphere diffuses through the membrane and enters the
electrolyte, causing an electrochemical reaction. The current generated by this reaction
is amplified and used to drive the meter and the alarm circuit.

I
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3.3 100% GAS RANGE ~

This range gives readings in terms of gross concentration of the specified combustible
gas. It uses a thermal conductivity filament, initially heated by the battery current to a
point where it assumes a definite temperature and resistance. The temperature and
resistance corresponds to the atmosphere, if the instrument is initially set-up in fresh air.
Then when gas is sampled, the greater cooling, ability of the gas (relative to air) causes
the filament to become cooler and assume a lower electrical resistance. The resistance
change produces a meter reading which can be calibrated in units of percent gas by
volume.

The thermal conductivity phenomenon is continuous from 0 to 100%, so any
concentration can be read without limitation. It is a relatively insensitive method, so is
used only for the higher concentrations above the LEL. It is not dependent on
combustion, hence is applicable regardless of the oxygen content of the sample. i

I
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SECTION 4
OPERATION

4.1 Attach the hose to the instrument by means of the threaded swivel fitting.

4.2 Put the OXY/GAS-LEL switch in the GAS-LEL (out) position, and GAS/LEL
switch in the GAS (in) position, with its colored indicator showing.

4.3 Press the POWER switch to turn the instrument on, the orange indicator dot should
be showing. The meter will normally rise up scale and a pulsing or steady alarm signal
may sound. The alarm will stop when the instrument is warmed-up. The audible hum of
the pump will be noticed.

4.4 Press the BATTERY CHECK button and note the meter reading. If the reading is
close to or below the BATT CHECK mark on the meter, charge the batteries.

4.5 Allow the unit to warm up until the meter stabilizes (about a minute). Then, with
the hose inlet in a contaminant-free location, turn GAS ZERO control knob to bring the
meter to "0" indication.

4.6 The instrument is now ready to use in detecting high concentrations of the specified
gas up to 100% by volume. The meter will indicate the concentration on the lower non-
linear scale.

If the concentration indicated on the meter rises above the alarm point (set at 20%) the
red ALARM light will blink and the buzzer will sound, both in a pulsing mode.

4.7 For readings in the LEL range, change the GAS/LEL switch to the LEL (out)
position. The alarm will sound and the meter needle will move up-scale briefly. Wait
about five minutes for the LEL sensor to stabilize. Move the probe about and observe
meter indicators on the middle (% LEL) scale. The alarm point for this scale is set for
20% LEL.
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4.8 Put the OXY/GAS-LEL switch in the OXY (in) position with the colored indicator
showing. Turn the OXY CAL potentiometer to bring the meter to the oxygen CAL
mark (21%). As a quick check gently breathe into the hose inlet and allow the
instrument to sample air. The reading should come down to about 16% and the alarm
should sound at 19.5%. Allow the meter to return to 21%, then put the switch back in
the GAS-LEL (out) position.

4.9 Atmospheres containing more than the normal 21% oxygen will produce an
increased oxygen reading. If the instrument is provided with a high oxygen alarm, then it
will sound in a steady tone and the amber light will blink when readings re"ach or exceed

4.10 The instrument continuously tests for oxygen, and a pulsed audible alarm and
blinking amber light will occur when oxygen drops to 19!.5% or lower. It is not necessary
to use the instrument with the switch in the OXY position unless oxygen meter readings
are desired. If both abnormal conditions exist simultaneously (combustible gas and
oxygen alarm), both lights will blink in their normal pattern, but the buzzer will sound
continuously. A steady tone sounds when the oxygen reading exceeds 25%. This
characteristic is provided to warn against the increased fire hazard due to excess oxygen.
It also serves as a warning in case of oxygen cell failure in the high-output mode, which
can occur occasionally. It further precludes accidental or intentional incorrect
adjustment of the oxygen calibration control to an abnormally high level above 25%.

I
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SECTION 5
CALIBRATION AND ADJUSTMENT

5.1 LEL CALIBRATION

5.1.1 Turn the instrument on and allow it to warm up and stabilize, preferably for five
minutes. Be sure the batteries are charged sufficiently to read above the check mark.

5.1.2 Place the GAS/LEL switch in the T.F.I. (out) position and the OXY/GAS-LEL
switch in the GAS-LEL (out) position.

5.1.3 Open the instrument case by loosening the captive screw at the front of the unit.
Lift the upper half of the case slightly, moving it 1/4 inch to the to rear to disengage the
rear clamp; then separate the two halves. Locate the COARSE ZERO potentiometer
on the underside of the circuit board (see Figure 2).
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5.1.4 Turn the external GAS/LEL ZERO control to the center of its range.

5.1.5 Turn the COARSE ZERO potentiometer to bring the meter to the zero reading.

FLW COKTROU
CAUflfUTION UJ.
on-ifCER

PI.VCH OJJ43
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FIGURES

5.1.6 Remove the protective red plastic cap from the cylinder outlet of a tank of
methane (2 to 5% LEL). See Figure 3.

,**

5.1.7 Check the DISPENSING VALVE to see that the FLOW CONTROL is shut off
(clockwise), but not so tightly as to damage the valve seat.

5.1.8 Screw the DISPENSING VALVE onto the cylinder outlet, being careful no: to
cross-thread. Tighten the valve firmly.

5.1.9 Push the short piece of flexible plastic tubing from the Y-fitting onto the barbed
nipple of the DISPENSING VALVE.

5.1.10 Locate the adjustment potentiometer(s).

5.1.11 Connect the longer plastic tube with the PINCH CLAMP to the insirumer.t. The
PINCH CLAMP should be open (push latch forward to open).

I
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5.1.12 Allow the instrument to evacuate the SAMPLING BAG until flat then close the
PINCH CLAMP (squeeze paralleled faces together until tight and latched).

5.1.13 Open the FLOW CONTROL slightly so that the SAMPLING BAG begins to
expand, then quickly open the PINCH CLAMP. As the instrument processes the sample,
the bag will either start to expand further or to deflate. If the bag is expanding, close
down on the FLOW CONTROL (clockwise), or if it is deflating, open the FLOW
CONTROL slightly until the bag stays about half inflated.

5.1.14 Observe the meter on the instrument. The reading will increase, then stabilize.
As soon as the reading is stable, compare with the value on the pressurized calibrating
gas cylinder and record or change with the LEL SPAN potentiometer as appropriate.

NOTE Care must be taken to ensure that the LEL SPAN potentiometer and not the
LEL alarm is adjusted.

5.1.15 Quickly close the FLOW CONTROL on the DISPENSING VALVE (clockwise)
and disconnect the LEL calibration cylinder.

5.2 % GAS CALIBRATION

The 0 to 100% GAS range is calibrated in the same manner as the LEL range above,
except adjustment is made using the GAS ZERO and GAS SPAN potentiometers and a
cylinder of 100% methane (natural) gas. Place the GAS LEL switch in the 100% GAS
(in) position for this calibration. Do not change other zero adjustments.

When the calibration is complete, remove the DISPENSING VALVE from cylinder
before storage, to prevent loss of cylinder contents, then cap the cylinder. SAMPLING
BAG, DISPENSING VALVE and PINCH CLAMP may be left connected to the tubing
for storage.
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5.3 OXYGEN CALIBRATION

fj.3,1 Calibrate in fresh air.

5.3.2 Put the OXY/GAS-LEL switch in the OXY (in) position with the colored
indicator showing.

5.3.3 Turn the OXY CAL potentiometer to bring the meier to the oxygen CAL
mark (21%).

NOTE If problems are encountered during the calibration procedures, the unit must be
replaced.

•

NOTE Instrument alarms are factory-set and must not be changed.

I
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SECTION 6
MAINTENANCE/TROUBLE SHOOTING

iJ 6.1 BATTERIES

3 6.1.1 Check the battery voltage periodically by pressing the BATTERY CHECK switch.
Charge the batteries before the voltage reaches minimum.

When connecting the charger, always follow these steps:

j a. Confirm that the plug is inserted in the correct way, with the THIS SIDE UP
label'upwards. .The plug is keyed with a non-current carrying third socket to aid

T s-~x in proper insertion.

•' b. Verify that the amber light on the charger is on. Leave connected until the
green light comes on, indicating that the lo hour charge is completed.

6.1.2 If sufficient voltage cannot be obtained after charging, the battery needs to be
i changed.

6.2 CATALYTIC SENSOR (XEL RANGED

The sensor assembly may require replacement if:

a. The meter cannot be set to zero within the range of the GAS/LEL ZERO
-,, ^~^ potentiometer.m

J b. The meter cannot be set to the desired level within the range of its SPAN
potentiometer.
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6.3 THERMAL CONDUCTIVITY SENSOR (GAS RANGED

The sensor assembly may require replacement if:

a. The meter cannot be set to ZERO within the range of the GAS ZERO
potentiometer.

b. The meter cannot be set to the desired level within the range of its GAS SPAN
potentiometer.

6.4 OXYGEN DETECTOR

The oxygen sensor assembly may require repair if the meter cannot be set to the desired £
level within the range of the OXY CAL adjustment.

I
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SECTION 7
PRECAUTIONS AND NOTES ON OPERATION

7.1 HEATED SAMPLES .

When sampling spaces that are -warmer than the instrument, such as hot manholes,
remember that condensation can occur as the sample passes through the cooler sample
line. Water vapor condensed in this way can block the flame arresters and interfere with
sensors and pump operation.

7.2 FILAMENT POISONING

Certain substances have the property of desensitizing the catalytic surface of the
platinum filament. These substances are termed catalyst poisons and can result in
reduced sensitivity or in failure to give a reading on samples containing combustible gas.
The most commonly encountered catalyst poisons are silicone vapors. Samples
containing such vapors, even in small proportions, should be avoided.

Frequent calibration checks on known-gas samples are desirable, especially if the
possibility exists of exposure to silicones.

7.3 OTHER GASES AND VAPORS

The instrument is designed and calibrated specifically for detection of methane. It can
be calibrated for use on other gases and vapors, by proper adjustment of the calibration
control while sampling a known gas-air mixture.

7.4 RICH MIXTURES

When sampling rich mixtures, on the 100% .LEL range, the following instrument action
may be expected:

1. Mixtures up to 100% LEL - Reading on scale !
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2. Mixtures between LEL and Upper Explosive Limit (UEL) - Readings at top of
meter

3. Mixtures above UEL - As sampling continues, the meter first goes to the top of
the scale, then comes back down on scale. Very rich mixtures will give close to a
zero reading on the catalytic sensor.

Rich mixtures should always be tested first on the 100% GAS range, to avoid any
uncertainty as to actual concentration.

7.5 OXYGEN DEFICIENT MIXTURES

Samples which do not have the normal proportion of oxygen may tend to read low in the ™
LEL range, as there is not enough oxygen to react with all the combustible gas present in * j
the sample. As a general rule, samples containing 10% oxygen or more have enough
oxygen to give a full reading on the catalytic sensor for any combustible gas sample up to
the LEL. This limitation does not apply to the thermal conductivity sensor used for the
100% GAS range.

NOTE For very rich or oxygen-lean mixtures the instrument should be used in the
0 to 100% GAS range.

Erik A. Goplin '
Loss Control Specialist

i ,\
Mary A^m ILatko, CSP
Corporate Health and Safety Manager

EAG/dllc/MAL/H&SPC
SAFETY-.10PS
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I. GENERA

1. Gas Detector Tube System
In order to insure etwironmcnt.il improvement it is most important to measure simply

and rapidly very minute gas or vapor concentration in the work place.
Modern technology provides a variety of instruments (or the measurement of

hazardous gases and vapors. Such relatively sophisticated instruments must:
1. be capable of measuring concentrations in the range of threshold limit values.
2. must be easy to use, and available for taking quick samples in the work

environment.
3. must produce results for evaluation and analysis within a few minutes, making it

unnecessary to take samples back to the laboratory.
4. must provide dependable accuracy and reproducibility.
5. make it unnecessary to use expensive and delicate instrumentation.
The following three steps are essential for the chemical analysis of toxic gas or vapor:
1. collecting of samples
2. preparation of measuring apparatus and reagents
3. chemical treatment and analysis of the samples
The introduction of detector tube technology eliminates steps two and three above and

makes it possible to achieve immediate results with the accuracy and reproducibility
necessary for environmental assessment.

2. Principle of Gastec Detector Tube
Each detector tube conlnins a |>rix:isc amount of detecting rciujonts in a constant inner

diameter glass tube and is hermetically sealed at both ends.
To operate, break tips uff a fresh tube and connect the tube to the Gastec sampling

pump and pull the handle to take thn required sample (sample gas). The chemical reagent in
the detector tube will then react with the sample gas immediately and a color stain will
develop starting at the inlet of the detector tube. The gas concentration ii measured at tho
Interface of Italncd-to-unstalnod reagent when staining stops.

Gastec detector tubes contain colorimetric reagents adsorbed on fine grain silica gel,
activated alumina or other adsorbing media. The reagents are sensitive to particular gases or
vapors and react quantitatively to provide a length-of-stain Indication. '

3. Characteristics of Gastec Gas Detector System
Detector Tube
1. Precision direct reading calibration scale printed on each tube.
2. Every tube and tube box displays the quality control number and chemical

symbol. The expiration date is stamped on each box.
3. Controlled small internal diameter of tubes provide longer stain length with one

pump stroke (100 ml), resulting in more accurate readings and shorter sampling
times.

4. Sensitive reagents with high reaction rates provide a clonr lino of demarcation of
color stain, for improved accuracy in tube reading.



Sampling Pump
1. Light weight, compact (approx. 10 oz.).
2. Pulls the highest vacuum (8.1" of Hg).
3. Gastec design does not require flow-rate orifices.

Malfunction of the pump by clogging or leaking orifices is eliminated.
4. Handle locks at precise intake volume of 50 or 100 cc.
5. Friction-proof lubricant seal packing' provides complete leakproof sampling at

all times.

4. Accuracy of Gastec Detector Tube
Calibration Scale
The calibration curve on most Gastec detector tubes is a straight line, and points on the

scale are at equal intervals (Fig. 1). Therefore, it is possible to measure the concentration
below the lowest calibration scale by repeating pump strokes. It is also possible to measure
the concentration above the highest calibration scale by using a half-pump stroke. This
means that the measuring range of Gastec detector tubes is easily and accurately expanded
by varying the number of pump strokes.
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Since all of the Gastec tubes are direct reading, the calibration scales are printed on the
basis of individual production lots. Therefore, the variation of inner tube diameters,
precision of tube packing, and the quality and reactivity of each reagent are eliminated.
There Is no need for extra charts or graphs whose accuracy is questionable for anything
other than a single production run.

Certification of Gas'Detector Tube Units
The National Institute for Occupational Safety and Health (NIOSH) has established a

testing and certification program to insure that devices and instruments used in assessing and
protecting against health hazards meet acceptable performance requirements. The Occu-
pational Safety and Health Act (1970) requires the use of certified equipment unless no
such equipment exists. At this point, detector tubes and sound level meters are the only
instruments being tested under this program.

Following are the details of the test standard as published in the Federal Register dated
May 8,1973:

1. Every manufacturer must submit the quality control documentation including the
quality control system of the company, the quality control program and the'

quality control plan of the measuring apparatus to the Quality Control Section of
TCL prior to the certification test. The applicant will be granted its basic
qualification by the Section after tho documentation check.

2. In accordance with the Federal Register, the applicant must submit the quality
control documents for the detector tube to be tested, with test results certifying
•that the tubes satisfy the standard, and an appropriate number of tubes. After
passing this check, the applicant may proceed to the next step.

3. The applicant submits the detector tubes for inspection. The inspection procedure
is divided into two parts:
1) physical inspection tests such as the longitudinal axis of glass tubes,

detecting layer and calibration scale and
2) chemical reaction tests for indicating accuracy with standard gas mixture.
Physical inspection tests are performed during a sampling inspection in accord-
ance with Inspection Level II as described in MIL-STD-105D. The tubes which'
pass the above inspection proceed to the Air Sampling Section and are tested for
accuracy.

4. The accuracy test is conducted on four concentrations; one-half, one, two and
five times the TLV in accordance with the Inspection Level IV as described in
MIL-STD-104.
The standard gas generation method and the standard method of analysis for the
test are verified in the Microanalysis Laboratory of the National Bureau of
Standards; then the concentration of the gas is confirmed by the Gas Detector
Tube Standard Committee. The detector tube stained by the standard gas
concentration is read l>y I lie (luce (3) independent tuba readers. (Tlioy will read 4
cm) points of circumference on (he longitudinal axis.) Tim results ol the lube
ii!i»lin() nr« pin into tin; compulKr, and tho standard deviation pnrccntnucs arc
then calculated.

5. To bo certified by NIOSII, the detector lube must satisfy the following lest
standards:
1) For tho accuracy tost, gas detector lube units shall produce measurements of

contaminant concentration with i36% ol the actual valuo at one-half the toil
standard and within '25% of the actual value at 1, 2 and 5 times the lust
standard.

2) The standard deviation of the tube readings obtained from three in-
dependent tube readers shall be within 10%.

3) On channelling of airflow through the detector tube, the maximum variation
of stain length around the circumference of the tube at the interface
between stained and unstained reagents shall be within 20%.

6. Detector tubes certified under this program will be published in the Federal
Register at that time, the certification number will be issued, and the government
will place the item on the approved list. Thereafter, NIOSH may purchase the
tubes from the market at random and test them to determine if the tubes
continue to meet these exacting standards. Tubes which fail to meet the test
standard will have the certification withdrawn until the defect is corrected. The
following Gastcc Detector Tubes have been certified by NIOSH and issued the
certification number:

• i
NOTE: NIOSH Certification Program has been discontinued.
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Tube No. 1 La
Tube No. 5La
Tube No. 9L
Tube No. 4LL
Tube No. 2L
Tube No. 3M
Tube No. 134
Tube No. 132H
Tube No. 8 La
Tube No. 121
Tube No. 10
Tube No. 122
Tube No. 131 La

Carbon Monixide
Sulfur Dioxide
Nitrogen Dioxide
Hydrogen Sulfide
Carbon Dioxide
Ammonia
Carbon Tetrachloride
Trichloroethylene
Chlorine
Benzene
Nitric Oxide
Toluene
Vinyl Chloride
Hydrogen Cyanide

TC-84-014
TC-84-017
TC-84-018
TC-84-020
TC-84-021
TC-84-023
TC-84-036
TC-84-038
TC-84-041
TC-84-043
TC-84-049
TC-84-053
TC-84-060
TC-84-068Tube No. 12L

5. Gastec Pump Performance
Description of Pump
Construction of the Gastec pump is illustrated below. This pump pulls the highest

vacuum for its type (8.1" of Hg). There are no flow-rate orifices to cause malfunction of the
Pump by clogging or leaking. A friction-proof piston gasket (lubricant seal packing) provides
complete leakproof sampling at all timoi.
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Checking Pur( erformance
A. Visually check rubber inlet flange for cracks or tears. Replace if damaged. Tighten inlet

clamping out.

B. Valve Leak Check
1. Insert a fresh sealed detector tube into pump. Misalign red dots on pump and

handle. Pull several fairly rapid continuous full pump strokes.
2. Pull handle out 6 mm (1/4 inch) and hold in this position for 1 or 2 seconds.
3. Release handle.

4. If handle return to within 1.5 mm (1/16 inch) or less of fully closed position,
continue to step C.

5. If handle does not return to within 1.5 mm (1/16 inch) of fully closed position
(or less), perform the following Valve Lubrication instruction outlined below.

C. Field VolumaCheck
1. Insert a fresh sealed detector tube into pump.
2. Align Guide Marks on pump body and handle.
3. Pull handle firmly and at a moderate speed until handle locks into position. Wait

1 minute.
4. Unlock handle by turning it and guide it back.

TO PROTECT PUMP STOPPER from breakage, do not release the handle and
allow it to spring back when conducting a leak test. Make sure you hold your
hand onto the handle and guide it back.

5. Pump handle should return to within 6 mm (1/4 inch) or luss nf thu fully closed
position.

G. II pump 11 JIM ill o dons not clnsii IO within (i mm (1/4 inch) or loss, follow lubrica-
tion insliui:iions mill mil!*!.

D. Lubrication Instructions (Perform Laboratory Volume Check "E" after each
lubrication)
1. Vnlvo Luluiuiilion

a. Unscrrw Ixick plnlu and withdraw piston from pump cylinder,
b. Rumovu chock vnlvu from piiton.
c. Clean valve and pis ion with lint-fruu cloth, I'ropor valvu cleaning is us

follows:
Place cloth flat on desk.
Wipe rubber valve flap in a flat position across cloth.
Do not bend the rubber flap valve,

d. Apply a small amount of grease evenly around the valve opening to form a
thin film. A thin film is nearly invisible,

e. Replace valve assembly loosely in the same manner as removed.

Screw Tapped Mole
Piston

Screw

-̂ ^ ;̂r.Mo,;v--n Valve Retainer
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2.

f. Before tightening the screw, align valve so that valve hole is in center of valve

flap,
g. Then push the rectangular valve retainer all the way toward loose end of

valve falp.
h. Now tighten screw. If a torque driver is available, tighten to 0.8 Kg-cm.

Otherwise, be careful not to overtightcn screw. When tightened, screw must

not deform rectangular valve retainer.
Piston Gasket Lubrication
a. Wipeoff oiston and cylinder with a clean lint-free cloth,
b. Remove piston gasket with a small bladed screwdriver. Take care not to cut

gasket.
c. Clean slot in piston with lint-free cloth. Wipe off rubber gasket,
d. Wipe an ample supply of grease into gasket slot on piston and inside gasket,
e. Replace gasket making sure that open side of gasket is toward pump handle.

3.

PISTON GASKET

VALVE HOLE

PUMP SHAFT

PISJON_GASKET^/-

With this ijxcisss ijruas« Irom piston slot, wipu iiicmml oiusitlo of guskut anil

piston.
Wipe nn ample amount of giease into cylinder at the area cil piston entrance.
Insert piston slowly into the cylinder. Work tho piston bnck and forth slowly

in the cylinder several limes.
Now screw back plate firmly onto cylinder. *.

Repeat leak tests.
If any leak remains, replace piston gasket.
Only if a leak persists, go to procedure below.

Pump Head Lubrication
a. This is only necessary where all previous procedures have failed to correct a

leak.
b. Visually check pump head "0" ring for cracks.

c. Replace "0" ring if cracked.
d. Place a light coat of greasfron pump cylinder head screw threads and the "0"

ring.
Insert new "0" ring.
Screw pump head firmly on to "0" ring anil make sure "0'' ring 'is seated
uniformly. Overtightening pump head may push "0" ring out of place. Do

not ovcrtighten.
Wipe off CXCBSS grunse. i

f.

g.
h.

i.
j.
k.
I.

c.
f.

E. Laboratory Volume Check (To be performed at least once after each lubrication)
The Gastec pump can be checked periodically to assure that 100 ±5 ml are being
sampled.
1. Arrange a graduated 100 ml soap film flow meter in a volume test mode.
2. Insert a fresh Gastec tube into the pump. The tube must be broken at both ends

(ready for use).
3. Attach the Gastec tube to top of soap film flow meter with rubber hose. Make

sure there are no leaks.
4. Pull pump handle out full to lock at one stroke in normal sampling manner.
5. Wait until the bubble stops moving and read the volume evacuated.
6. If the volume evacuated is other than 100 t 5 ml, proceed to lubrication

instruction and retest.

6. Operating Procedure for Gastec Precision Gas Detector System
Sampling & Measurement Procedure

Tubt Tip Bre»kei Counln Ring

Simple Air zrnnnxnzxa jO)j*l

/Inlel

1. Droak tips off a fresh clotcclor tube by bonding each tube end in tho tubo tip
breaker of the pump.

2. Insert tube securely into pump inlet with arrow on tube pointing toward pump.
3. For twin tubes, connect ©marked ends with rubber tubing after breaking each

end. Insert analyzer tube into pump with arrows on tubes pointing toward pump.
See figure below.

Sample Air
To Pump

Primary Tube Rubber Tubing Analyzer Tube

4. Make certain pump handle it all the way in. Align guide marks on pump body
and handle.

5. Pull handle out to desired stroke volume.' Handle can be locked on either 1/2
pump stroke (50 ml) or 1 pump stroke (100 ml).

6. Read concentration at the interface of stained-to-unstained reagent when staining
stops. Unlock handle by making 1/4 turn and return it to starting position.

7. In case more pump strokes are indicated in the instruction sheet included in each
box of tubes, take additional sample by repeating pump strokes without removing
tube.

Correction for Temperature, Humidity or Pressure:
Calibration of the Gastec detector tubes is based on a tube temperature of 20° C

{ -7-



(68* F), approximately 50% relative humidity, and normal atmospb- '«: pressure.
1. No correction is normally required for tube temperature i — 40* C (32° -

104°F) and for relative humidity range of 20 - 90%.
2. Where the detecting reagenj is abnormally sensitive to temperature or humidity, a

correction table or chart is provided in each box of tubes. In this case, the tube
reading must be corrected using correction table or chart.

3. Tube reading is proportional to absolute pressure. To correct for pressure,
multiply by

_____ __760 __
Atmospheric Pressure (mrnHg)

How to Use Counter Ring:
In case numerous pump strokes are required, use the counter ring of the pump.
(1) Turn the counter ring manually counterclockwise alter each pump stroke.
(2) The operator may thus keep count of the number of pump strokes.

For more details see the instruction sheet included in each box of detector tubes.
Detector tube should be stored in accordance with instructions on each box.

7. Different Methods of Sampling
1. Effect of sampling time and related data

Concentration of contaminants and chemical substances in the air is always fluctuating.
On the other hand, sampling is usually conducted within certain time and frequency limits.
Therefore, a deviation naturally existi between the average environmental concentration and
results obtained on the basis of "grab" samples.

For example. Fig. 2 below show* time-lapse variation of dust concentration which was
observed by using Tyndnllomoter readings plotted in 30 second intervals. This tost was
conducted at a raw material mixing plant in (he ylast mill.

The variation of concentration during the hour was up to 60 times the average
concentration of dust. This idea can be adapted to the gas concentration in air of toxic
substances as follows:

_
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Fig. 2 Time-lapse Variation of Dust Concantration
(Place: Raw material mixing plant in glass mill)
by Tyndallometer

The variation o.f the measured concentration is largely dependent on the sampling time
and position. Large differences occur when the operation is intermittent. If the sampling
time is short and the quantity of sample gas or vapor is relatively small, large variations will
result between instantaneous concantration and average concentration. Under extremely
adverse conditions, there can ho as much as ten fold dilferonce in detector tube readings
taken at different times in the same location.

_ o _

2. Tanks, W' -holes, or Closed Places
It is dan\ .us to enter a manhole directly without a pre-check. Before entering any

such closed place, the workman must first check the gas level by using an extension hoso in
at least three levels, that is the higher, middle, and lower level of the closed area. The reason
for this is as follows:

Specific Gravity of Gas Molecular Weight of Gas
29 (Average MW of Air)~

If the total fraction is greater than 1.0, it means the gas will rise to the top. However, if the
total fraction equals more than 1.0, it means the gas concentration is increasing at the lower
level.

3. Leak-check from Pipeline
If an air flow or a breeze is observed prior to taking the measurement, measuring points

must be moved away from the direction of the air flow.

Air flow

«
Gas flow
Measuring points Fig. 3

Caution: If the measurement is conducted at a point some distance from the pipeline,
the gas omitted will bo diluted very riipidly, mid lliu true concunlralion of
the gas cannot accurately bo dotoctod. Thcruloro, rrwasuromont must be
conducted at a point as close as possible to the suspected leak.

4. Measurement in a Chemical Plant, Gas Concentration in Pipelines
It is sometimes necessary to collect the gos sample temporarily in a sampling bag or a

bottle as shown in the two examples below. Measurement of tho concentration is made by
passing a sample through an appropriate Gastec lube.

Example 1

Example 2
Sampling Bag

ttKyt yps i
—Detector Tube

Bottle (Glass or Plastic)

-9-
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5. Measurement and Threshold Limit Value of Liquid Mixture
A rapid reliable method for measuring concentration of industrial solvents in air is

available using the Gastec Precision Gas Detector System.

5-1 Elements Evaporating from Solvent
Industrial solvents are liquids but have an appreciable vnpor pressure at room

temperature. The composition of the vapor arising from the solvent can bo quite different

from the composition of the solvent itself.
Take, as an example, a lacquer thinner mixture of 66% of toluene, 14% each of ethyl

acetate and butyl acetate. 4% of butyl alcohol and 2% of cellsolvc. At the early stage of its

evaporation, the lower-boiling point metarial vaporize.
If a coating plant uses the above thinner, the thinner will vaporize according to the

chart below.

Toluene

Evaporating Ratio (%)
*

Fig. S Evaporation from Mixing Solvent

The ratio of vaporized components is greatly dependent upon the working environ-
ment even if the same solvents are used. Therefore we must carefully consider the
environmental assessment of exposure to complex mixtures. Many lacquer thinner
manufacturers keep the ratio of materials secret. However, OSIIA has legislated that each
producer must publish the principal components and hazardous properties of all proprietary

solvents in Material Safety Data Sheet*.

5-2 Selecting Measuring Apparatus
One of the best methods used in measuring each component of n solvent mixture is by

moans of gas chromatography. However, a simpler analysis using dotocior tubes is usually
preferred for daily environmental measurement. USB of detector lubes and selection of tubes
is greatly dependent on the individual case. It is recommended that a specialist bo consulted
for correct interpretation of the results. Items such as interferences and reaction rates have a
major e f fec t on the accuracy and precision of the measurement.

5-3 Threshold Limit Value for Mixtures
When two or more hazardous substances are present, their combined effect, rather than

that of either individually, would be given primary consideration. In the absence of
information to the contrary, the effects of the different hazards should be considered as
additive. That is, if the sum of the following fractions,

T,
1

exceeds one, then the threshold limit of the mixture should be considered as being ex-
ceeded C, indicates the observed atmospheric concentration, and T, the corresponding
threshold limit (see example below).

It is essential lhat the atmosphere be analyzed both qualitatively and quantitatively for
each component present, in order to evaluate compliance or noncompliance with this
calculated TLV.

C. C,-i + —2-
T, T,

• 1

Example: Air contains 5 ppm of carbontetrachloride (TLV - 10 ppm)
20 ppm of 1, 2-dichloroethane (TLV - 50 ppm) and 10 ppm of
1, 2-dibromoethane (TLV • 20 ppm)

Atmospheric concentration of mixture - 5 + 20 •»• 10 - 35 ppm of mixture

5 20 10 25120120
10* 50 ' 20 50

1.4

Threshold limit is exceeded, Furthermore, the TLV of this mixture may be calculated
by reducing the fraction to 1.0; i.e.

35
TLV of mixture • — • 25 ppm

1.4

When a given operation or process characteristically emits a number of harmful dusts,
fumes, vapors, or gases, it will frequently be only feasible to attempt to evaluate the hazard
by measurement of a single substance. In such cases, the threshold limit used for this
substance should be reduced by a suitable factor, the magnitude of which will depend on
the number, toxicity and relative quantity of the other contaminants ordinarily present.

Examples of processes which are typically associated with two or more harmful
atmospheric contaminants are welding, automobile repair, blasting, painting, lacquering,
certain foundry operations, diescl exhausts, etc.
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Gastec De\ *or Tubes I

Thoso iloliniiioiu apply lo each ol the followmu poyos.
1. Performance of the Tube (n: Number ol Pump Strokes)
2. Detecting Principle of the Gas
3. Interferences ol the Tube
4. Method of Standard Gas and Analysis

4.1 Standard Gas and Analysis
4.2 Method of Analysis

5. Dangerous and Hazardous Properties
5.1 T.L.V.-T.W.A.: The timeweighted average concentration for a normal

8-hour workday or 40-hour workweek, to which nearly all workers may be
repeatedly exposed, day after day, without adverse effect.
Threshold Limit Value-Time Weighted Average for 1935 adopted by
American Conference of Governmental Industrial Hygienisls.

5-2 T.L.V.-STEL: The maximum concentration to which workers can be
exposed for a period up to 15 minutes continuously without suffering from
t) intolerable irritation, 2) chronic or irreversible tissue change, or 3) narcosis
of sulficient degree to increase accident proneness, impair self-rescue, or
materially reduce work efficiency, provided that no more than four
excursions per day are permitted, with at least GO minutes between exposure
periods, and provided that the daily TLV-TWA also is not exceeded.
Threshold Limit Value-Short Term Exposure Limit for 1006 adopted by
American Conference of Governmental Industrial Hygloniits.

5-3 P.L.: Flnmmoble Limits In Air (lower and upirar limits)
G. Physical Constants

G-l C.F.: Chomicel Formula
02 M.W.: Molecular Wei<ihl
G-3 S.G.: Specific Gravity. Gns S>20"C (00°F), NTP 1 aim unless otherwise slnlod
G-4 M.P.: Molting Point
G-G D.P.; Boiling Point
6-G AIT: Autoignition Temperature
6-7 V.P.: Vapor Pressure (mmHg)

7. Application for other gases — Other gases for with the some detector tube may be
used to detect.

-1 2-



CARBON DIOXIDE EXTRA HIGH RANGE TUBE
1.

2.

3.

4.

5.

C.

7.

Performance

°<^ -GM : * *

Calibration
Scale
Measuring
Range

Detect! IIR
Unit

5 - 40*

2.5 - 5*
5 - 40*

(n-1/2)

(""1)
(n-1/2)

O.Ti* (n-1)

* » » jli'J.Ss ^

Color CliaiiRO Wliite - P

Sampling Tirao 1 nin./pui

Shelf I.ifo :i yunrs

NO. 2HH

=3

irple

np stroke
\

Detection Principle

Carbon dioxide reacts with hydrazine to form carbonic acid monohydrazid, which
discolors redox indicator (crystal violet).

CO, +N, H4 — NH,-NH'COOH

INTERFERENCES:

Other gases nnd vapors do not affect the tubo reading

4.1 Slnndmd Gas Generation Method: Cylinder botllii yas A dynamic gns flow system

4.2 Method of Analysis: Gns chromnlogrnphy (TCD)

Dangerous & Hazardous
Properties

T.L.V.: 5000 ppm
STEL: 15000 ppm
F.L.:

Physical Constants

C.F.: CO,
M.P.: -56.G°C
AIT:

Concentration Phisicnl E f f e c t s

2.5%
10%
12 - 15%

M.W.: 44.01
B.P.:
V.P.:

No ef fect for a few hours
Can endure for a few minutes
May cause death in exposures for
several hours

S.G.: 1.53

Application lot oilier yases

-20-
8510

CARBON DIOXIDE HIGH RANGE TUBE NO. 2H
Performance o.

I I I I I I I I I I O I "« *.K

Calibration
Scale
Measuring
Range

Detecting
Limit

1.0 - 10*

0.5 - 1.0*
1.0 -- 10H
10 - 2m
0.1*

(n-1)

(ii-27
(n-1)
(n-1/2)
(n-2)

Color Change

Sampling Time

Shell: Lift)

White - Purple

1 mill. /pump stroke

II years

Detection Principle
Carbon dioxide reacts with hydrazine to form carbonic acid monohydrazide, which
discolors redox indicator (crystal violet).

CO,+N,H4 - NH,.NHCOOH

3.

Interferences:
Other gases and Vapors do not affect the tube reading.

4.1 Standard Gas Generation Method: Cylinder bottle gas & dynamic gas flow
system

4.2 Method of Analysis: Gns chromatography (TCD)

5. Dangerous & Hazardous
Properties__ ____

T.L.V. - 5.000 ppm
STEL- 15.000 ppm
F.L. "

Concentration Physical Ef fects
2.5% No effect for a few hours
10% Can endure for a few minutes
12 — 15% May cause death in exposures for

several hours

6. Physical Constants
C.F.: CO.
AIT:

M.W.: 44.01 S.G.: 1.53 M.P.: -5G.G"C D.P.: -78.5°C
V.P.:

Application for other gases

-2 1-
8301



CARBON DIOXIDE LOW
i

2

3.

4.

5.

3.

7.

Performanr*

' RANGE TUB( NO. 2L

Calibration 0.25-3.0% (n-1)
Scale
Measuring 0.13-0.25% (n-2)
Range 0.25-3.0% (n-1)

3.0 - 6.0% (n-'/,l

Detecting 0.025% (n-2)
Limit

Color Change White -Purple

Sampling Time 2 minutes/pump stroke

Shelf Life 3 years

Detection Principle
Carbon dioxide reacts with hydrazine to form carbonic acid monohydrazide, which
discolors redox indicator (crystal violet).

CO, +N,H4 — NH,-NH-COOH

Interferences:
Other gases and vapors do not affect the tube reading.

4.1 Standard Gas Generation Method: Cylinder bottle gas & dynamic gas flow
system

4.2 Method of Analysis: Gas chromatography (TCD)

Dangerous & Hazardous
Properties Concentration

T.L.V.- 5000 ppm 2.5%
STEL- 15000 ppm 10%
F.L. - 12-15%

Physical Effects
No effect for a few hours
Can endure for a few minutes
May cause death in exposures for
several hours

Physical Constants
C.F.: CO, M.W.: 44.01 S.G.:1.53 M.P.: -5G.6°C B.P.:
AIT: V.P.:

Application for other gases

8201
-22-

CAR/' N DIOXIDE EXTRA LOW RANGE TUBE No.2LL
1. Performance

Calibration
Scale
Measuring
Range

Detecting
Unit

300-5000 ppm (n=l)

100 - 300 ppn (n-3)
300-5000 ppm (n-1)
4600-11500ppm(n-l/2)
30 ppra (n-1)

Color Chango

Sampling Time

Shulf Life

White - Purple

2 min. /pump stroke

3 years

2. Detection Principle
Carbon dioxide reacts with hydrazine to form carbonic acid monohydrazide. which
discolors FMox indicator (crystal violet).

CO, +N,H4 -» NH,-NH'COOH

3.

4.

5.

.Interference.!,
Ammonia

Concentration Result Comment
Up to 1,000ppm No effect At more than 1,000 ppm gives

minus error
Carbon monoxide Up to 500 ppm ••
Sulfur dioxide Up to 30 ppm ••
Nitrogen dioxide Up to 30 ppm
Chlorine Up to 20 ppm

4.1 Standard Gas Generation Methods: Cylinder bottle gas & dynamic gas flow
system

4.2 Method of Analysis: Gas chromatography (TCD)

Dangerous & Hazardous
Properties_________

T.L.V.-5000 ppm
STEL- 15000 ppm
F.L. -

Concentration Physical Effects
2.5% No effect for a few hours
10% Can endure for a few minutes
12 — 15% May cause death in exposures for

several hours

6.

7.

Physical Constants
C.F.: CO,
AIT:

M.W.: 44.01
V.P.:

S.G.: 1.53 M.P.: -56.6°C B.P.:

Application for other gases

7803
-23-
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1.0 SCOPE AND APPLICATION

Page 1 of 9

1.1 Procedure is intended to assure proper receipt of samples and
entry of sample receipt data into lab management system. This
process is referred to as "logging in/log-in of samples".

1.2 Samples are received daily (Monday - Saturday) from both
commercial carriers and clients. Samples may be received in
either ETC Shuttles or in client provided containers. Special
arrangements should be made for ETC Saturday receipt situations.

1.3 Upon receipt ETC must maintain custody and must maintain samples
at a temperature of 4° +/- 2°C.

j

1.4 All receipts must be documented in a "loglink" log book. At a
minimum the following information is required:

Carrier or courier identity
Client identity
Number of Shuttles (or client provided containers)
ETC sample number(s) received
Date of receipt
If a problem note(s) was required (Yes or No)

1.5 All deficiencies are documented on an "ETC Problem Note" or
equivalent (Appendix 9) .

1.6 Samples are logged in on an ETC "log-in" form which documents
the number and type of bottles received, all order information,
comments regarding the samples and any other information
requested by the individual work group managers. Log-in forms
may be generated through the ETC data base or manually.

1.7 An additional "Log-in form" is used for USEPA-CLP samples, which
documents additional pieces of specific USEPA-CLP information
for the case file'. This form is used with and replaces in
certain instances the standard problem note form.

2.0 SAFETY

2.1 Read ETC Safety Manual before proceeding.

2.2 Wear the following while working with any sample

2.2.1 Lab coat
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2.2.2 Safety-shield glasses

2.2.3 Gloves, Solvex (Baxter G7197 or equivalent)

2.3 Wear ETC provided OSHA approved respirators as required.

2.4 Use ventilation hoods as required.

3.0 APPARATUS AND MATERIAL

3.1 Pliers

3.2 pH indicator strips, wide range (S/P IP1119-1A, or equivalent)

3.3 Capillary pipette (Kimble #71900, or equivalent)

3.4 Temperature monitoring device, calibrated

3.5 Clean work surface

3.6 Terminal and printer

3.7 Black ball point pen

1

4.0 PROCEDURE
:'$

CAUTION: DO NOT write on any custody document except as indicated on
attachments. Use black ball point pens ONLY. These are legal
documents which become part of the final report provided to the
clients. Do not write on ETC "CC2" custody form.

4.1 Opening ETC Shuttles
\

4.1.1 Segregate Shuttles and client provided containers by
workgroup. Determine work group priority. Notify
supervisor if shipping containers cannot be assigned
to a work group.

4.1.2 Reconcile number of Shuttles received with the
corresponding airbill. If discrepancies exist, alert
the Technical Project Manager (TPM) so that proper
actions may be taken.

4.1.3 Note status of seal integrity. Open Shuttle by
breaking seal with pliers. Remove all custody
documents (CC1, CC2, NJDEP and any others provided by
clients, Appendix 1, 2, 3). Document time and date
of Shuttle opening, Shuttle identification number and

I
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custody seal number on custody form(s). If custody
seal was not present write "NONE". Notify TPM and
document on Problem Note.

4.1.4 Open unlabeled Shuttles first.

4.1.5 Insert temperature monitor into the Shuttle between
the sleeve and the wall. Close the Shuttle. Allow
reading to equilibrate.

4.1.6 Review custody form(s) for completeness (signature,
date, seal number, etc.). Notify the TPM of all the
comments made by the samplers.

4.1.7 Document integrity status of seal on custody form(s).

4.1.8 Reopen Shuttle if necessary to read temperature.
Record measurement on custody form(s). Notify TPM if
temperature measurement is NOT between 2-10°C and
document on Problem Note.

4.1.9 Carefully remove bottles from Shuttle. Match ETC job
numbers against information on custody form. Line up
bottles by job number. Document nonconformances on
Problem Note.

4.1.10 Check and record the condition of each bottle on the
custody form(s). Document if headspace is present in
TOX and VOA bottles; if bottles are empty or broken,
etc. Notify TPM and document nonconformances on
Problem Note.

4.1.11 Check pH of all samples which were to be preserved.
DO NOT CHECK preserved VOA samples. For each sample
remove a small aliquot using a new capillary pipet.
Dispense aliquot on pH paper. Acid preserved samples
should have a pH <2 and basic preserved samples should
have a pH >12. Preservatives that should have been
added at the time of sampling are on the CC1 custody
form. Note observations on the custody form(s) by
placing a check mark (" ") next to the preservative
which was to be added. Notify TPM and document
nonconformances on Problem Note.

4.1.12 Sign and date custody form(s) and air bills. Bring
custody form(s) , air bill, any other documentation and
Problem Notes to TPM in log link jacket.
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4.1.13 If shuttles are received empty.

4.2

4.3

1. Remove the contents for cleaning.
2. Complete custody form(s) as in Steps 4.1.3,

4.1.7, and 4.1.12.

3. Bring forms to TPM for follow-up action (drywell,
cancellation, etc.).

Opening non-ETC Sample Shipping Containers

4.2.1 For each client identified sample, have TPM assign an
ETC job number. Verify that client ID number(s)
match custody information. Document discrepancies on
a Problem Note.

4.2.2 Label client bottles with ETC Job number, analysis
required, bottle number (for example, if 3 aliguots
of one sample are received, label 1 of 3, 2 of 3, 3
of 3) .

4.2.3 Initiate an ETC "Chain of Custody" form and any others
required by clients (Appendix 5).

4.2.4 Proceed with Step 4.1.5.

4.2.5 Refer to Section 4.6 for receipt of USEPA CLP samples.

Receipt of Client Deliveries

4.3.1 Document receipt in "ETC Client Delivery" logbook.
At a minimum record client identity, address and
sample description. Logbook is shared by all work
groups.

Request that client sign log book as the relinquisher.

•]

4.3.2

4.3.3

4.3.4

4.3.5

I
Sign as receptor,
appropriate column.

Record date and time in the

Complete an ETC "Client Chain of Custody" and any
forms required by the client (Appendix 6, 4) . Provide
a copy to the client.

Proceed with Step 4.1.5 or 4.2 as appropriate.

4.4 Generate a CSLIST (optional if automated log-in is un-
available) . If automated log-in is available, go to Step 4.5.



J xĵ
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4.4.1 Log onto SYSA and access FT CSLIST.

4.4.2 Enter ETC job numbers as requested.

4.4.3 Check A-types on resultant CSLIST against the custody
form(s) and bottles received (Appendix 7).

4.4.4 If a loglink number is present, add the new receipt
to that link. (NOTE: presence indicates that the
sample had previously been received or may be
indicative of sampling problems.) Document on Problem
Note and describe cause if known.

4.5 Generation of a log-in form (Appendix 8).

4.5.1

4.5.2

4.5.3

4.5.4

4.5.5

4.5.6

4.5.7

4.5.8

4.5.9

4.5.10

Log onto SYSA and access TR ELOGN.

Generate a separate log-in for each individual client,
facility and turnaround time. Log-ins are referenced
by the assigned loglink number (Step 1.4). Problem
Notes must be initiated for all discrepancies.

Record air bill number,
enter "NONE".

If air bill was not received

Record matrix of each sample.

Record the analyses requested.

Assure that client name matches log-in.

Verify that actual sample matrices match those
documented on the log-in. Enter the actual matrix in
the appropriate area on the log-in. Use best
judgement. Record discrepancies on Problem Note.

Record number
required.

of bottles received and analyses

Record presence or absence of client custody form(s),
EPA or state traffic reports and/or SAS packing lists
in comment section.

Document if samples are aliquotted. Aliquotting is
necessary if sample bottles are received broken or
additional analyses are requested after Shuttle
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4.5.11

4.5.12

4.5.13

4.5.14

4.5.15

4.5.16

4.5.17

Page 6 of 9

shipment. Notify TPM before proceeding.

Summarize all problems on Problem Notes in the login
comment section.

Secure ETC "Spec"
number on log-in.

Sheet(s) for sample(s). Record

Review log-in form upon completion. Sign log-in.

Color code (dot) bottle caps with the assigned loglink
number.

Samples to be sent to subcontract labs.

1. Identify samples

2. Initiate a subcontract "Request for Analysis"
form. This form serves as a custody document.
Refer to Appendix 10.

3. Bring a copy of the "Request for Analysis" form
to the TPM or designate.

4. Pack samples in an ETC Shuttle or prepare for
pickup as appropriate. Include the original
"Request for Analysis" form.

Place all samples in designated cold storage area(s).

Link samples into the system by logging on SYSA
and accessing TR LOGIN. Enter the following when
requested:

Operator ID: [Type first and last name initial and
last four digits of social security number]

Edit All N/Y: [N]
R-Date N/Y: [Y]
Due-Date N/Y: [Y] <R>
F-Code N/Y: [N] <R>
Next Loglink: [Type in loglink number]
Next Jobnum: [type in job number] <R>
Red'd Date: [Type in accurate sample receipt (YYMMDD) ]

Due-Date: [type in due date from the top left hand
corner of the screen]
Up-Date: [Y]
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4.5.18 If -«g*rpipR are fron KJEEP, initiate 'tEP-OTT11

(Internal Chain of Custody). Refer to SOP
SMS01600.ED.

4.5.19 Attach ETC "Spec" sheets and NJDEP "DEP-077" form (s)
to log-in. Circulate original log-in and copies as
directed by each work group. Hand deliver all EMERG
turnaround log-ins directly to the responsible
individuals for each analytical cost center. Copies
of all log-ins must go to Planning and Project
Services in addition to designated work group
personnel.

4.6 Receipt of USEPA CLP Samples

4.6.1 A USEPA case is initiated by a telephone call from the
Sample Management Office (SMO) to the designated
ETC/Edison contact.

4.6.2 The information given by the SMO follows: contract #,
bid lot (if applicable), case I, region, ship date(s) ,
number of samples, matrix, level , and parameters.

4.6.3 The work group designated to analyze USEPA CLP samples
will be notified; the original documentation of the
SMO telephone contact will be retained for inclusion
in the case file.

4.6.4 USEPA samples are shipped by overnight courier. At the
time of courier delivery, the sample custodian
verifies that the number of containers recieved
matches the information on the airbill. The sample
custodian signs the airbill with the date and time of
delivery. The airbill is retained for inclusion in the
case file.

4.6.5 Proceed with Sections 4.1.5 through 4.1.13, 4.2.1
through 4.2.3, Sections 4.4 and 4.5, and the following
Sections 4.6-.6 through 4.6.12.

4.6.6 The unopened ice chests are inspected for the presence
or absence of intact custody seal(s) , intact strapping
tape, or evidence of damage. This information is
recorded on the USEPA Traffic Report (TR) and othe
documentation.

4.6.7 All samples should be listed on the TR present in the
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4.6.8

4.6.9

4.6.10

4.6.11

4.6.12

Page 8 of 9

cooler(s). The TR is completed.

The "USEPA Sample Log-In" form is utilized to document
additional pieces of specific information for the
case.

If there are any questions or discrepancies noted on
the receipt of the samples, the SMO is notified
immediately by telephone by the designated ETC/EDison
contact or technical project manager. A record of the
clarification (which may be attached to the USEPA
SAmple Log-In Form) is retained in the case file.

The receipt time and date stated on the airbill is the
Verified Time of Sample Receipt (VTSR); all holding
times start from this date.

The completed TR is returned to the SMO within 3
calendar days following receipt of the last sample in
the sample delivery group. A copy of the TR is
retained for the case file.

The empty ice chest is shipped back to the return
address indicated within 14 days of case reciept at
the facility.

m

I
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5.0 SUPPLEMENTAL DOCUMENTS

5.1 SMS01600.ED - SOP for NJDEP Sample/Extract Internal Custody

5.2 GES00600.ED - SOP for Assignment of Log-Link Numbers at Edison.

6.0 REFERENCES

o NJDEP Contract X-408.

o USEPA CLP SOW for Organics, 2/88.

7.0 SUBSTANTIVE REVISIONS

O Revision 3 includes detail regarding receipt of USEPA CLP
samples.

APPENDICES

Appendix 1 -
Appendix 2
Appendix 3 -
Appendix 4 -
Appendix 5

Appendix 6 -

Appendix 7
Appendix 8 -
Appendix 9 -
Appendix 10 -
Appendix 11 -
Appendix 12 -

ETC "CC1" form
ETC "CC2" form
NJDEP "DEP-060" form
NJDEP "DEP-009" form
ETC "Chain of Custody" form for non-ETC sample
containers
ETC "Client Chain of Custody" for receipt of client
deliveries
CSLIST report
ETC "Log-In" form
ETC "Problem Note"
ETC subcontract "Request for Analysis"
USEPA Traffic Report
ETC "USEPA Sample Log-In" Form.
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Environmenul Trilini!
jnd Certification Corp.

Seal No.

CHAIN OF CUSTODY FORM (CC1) ORIGINAL DateSea!

1
Company:

I
Facility/Site:

V" Attn.:
1

Phone:. v-^

SAMPLE IDENTIFICTION

Facility:
FtciiitySiie Coae

Sample Point: fM-IDliJ I Pi / I t I C\A
Source Ccae
.lrcm(j|io*i

Source CoCes:
Well iW) Outfall.
Soil .

*
(O)

Youf Simon Po.m 10
(leii lujiifyi

.iSt River/Stream .|R) Generation Point ... .(G) Treatment Facility . . . . .|T) Lake/Ocean .

Ni4ii 151
Sun Tm<

i2*00 ni c'ocio

otsom Sediment ... .18) Surface Impoundment. . .(I) LeacnaleCoHecnonSys.

E-»osec «o\.r»
icamocsntt

.(C) Otner
\\\ S=ec:fy

1X1

SHUTTLE CONTENTS

/
;

lo
\ _ .̂,., .

2
——

2

1

1

1

4

1

2

. \ _ Af.rr}—

Typ«

UUCP

UOA

US

UTB

TB

EXT

MET

SULF

BOTTLE
Size

40

40

40

40

40

1000

1 0 0 0 1

i2y
_^-

Present.

NONE

HCL

HCL

GCx'MS

GC/MS,

NONE

/HN03

^/NAOr-
»-̂

ANALYSIS

HPT/UOLATILES

PT/UOLATILES

UOA SCREEN

UNPRES TB

TRIP BLANK

Ext rac t ab les

METALS

SULF IDES

f-

——

¥

Flit. (Y/N)

rV/
A/
A/
A7
A/

A/
A/
A^

SAMPLER
Observations

LAB
Observations

/ N
V /

V , ^-/^ A fo

/ t fa '• ")

/ \

J, Iy \
/ j'

CHAIN OF CUSTODY CHRONICLE

1.
Shuttle Opened By: (prinl)

Signature:
\ Date: Time:

Intact:

2.

j I have received these materials in good condition from the above p\rjfon.
! Name: Signat

Date: Time: Remarks:

3.

4.

LAB

SHLT

1 have received these materials
Name:

Date:

Shuttle Sealed By: (print)

Signature: -TVî -vJ-^ —

JSE ONLY Opened By C *T'

ITLE » r V* /• & / TPUfS

in good condition

Time:

S-AMPL^

A /*-)

^ r/./-^)

from the above person.
Signature:

Remarks:

Date: 9/3^ /£^ Time: /-OJJS

S^eal #:,/077<72£> Intact: yjj
r &£ / •() / {*(//•%'}_ natn- j,; L -\ Timn- V /•• ' • -* /^ _

x7 •*? £T-*7JA\_ / *4^ /7" )s P A L u f f / .^ /^OF.nMn f .^-^- l . / .
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] OETC FIELD PARAMETER FORM (CC2) Form 0002
Sample Management

12/89

ETC JOB # // 'M ^Ob^-

Sample Point \jtj\ C/l M
Sourct Codt

'^(L|) c£-\-r£z\ i
Simp<« Pomt i.Q.

FIELD PROCEDURES

10,70,51 ,5,
PURGE DATE
lYY MM 001

STABT PUBGE
12400 Mr Ciocxi

SAMPLING METHOD: $faf*Ug

Sampler Type

ftfc/'

ELAPSED HRS WATE.R VOL. IN CASING
[Gallonsi

VOLUME PUPGED
(Gillonji

A-Submersible Pump D-Oipper/8ottle
B-lSCO
C-8ladder Pump

Sampler Material [^_J B-

Tubing Material

Teflon
Metal

A-Teflon
B-Tygon

E-Bailer
F-Scoop/Shovel

C-PVC
D-Plastic

C-?olyethylene
D-Silicon

X-Other

X-Other

X-Othei

(SPECIFY OTH

(SPECIFY OTHE3)

Sample Composited I Y/N | fJ<?
(SPECIFY OTMESl

P'OCMurxProponioni

FIELD MEASUREMENTS

Well Elevation (ft/msl) I I I I i I I Well Depth (ft)
Depth to Ground water (ft) I I I I i I I Sample Depth (non-well) (ft) I I I 1
Groundwater Elevation (ft msl) I I I I i I I

1st
I*

p"

3rd

(STD>

{STO)

<ST°>

1st

2nd

J I I I II iLJ

tp*e.cand.

unVcm
it2VC

unvetn

(oOtm ptrtriMUct
J M i l l ! LJ

(ottwr p*nn

4th I I I I I ISTD> 4th L

I M I h-q
Sjmpl* T*mp

unVcm
it2S'C

•p«c.cond. IIKM

Turbtdity

FIELD COMMENTS
Sample Appearance:.
Weather Conditions:.
Other:________

FILTERING: Use Chain of Custody (CC1) to indicate which bottles were filtered

Sampler:

I certify that sampling procedures were in accordance with applicable EPA state and corporate protocols.

o»ii

ORIGINAL



APPENDIX 3

*̂?3

1



Form DEP-060
10/86

NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION

CHAIN OF CUSTODY RECORD WITH SHUTTLE
Use One Form for Each Sample Shaded Areas for PEP Field Use Only

NAME OF UNIT
AND ADDRESS
Name ot Ptrson(s) Preparing Container(s) for Sample Shuttle
Name ̂ BBBBBU^ ___________ Title ^ Gu*\(l U Agency
Name Title Agency
Date above-mentioned Person(s)
Placed Container(s) in Sample Shuttle

/,-N
1 iiL /

Military Ti Laboratory Affixed > . , . _ . , /-,
Sample Shuttle Seal No. D I V SM 2.1

Name of Person(s)
Breaking Laboratory Seal
on Sample Shuttle
and Taking Field Sample

Title Sf
Title c t/\

<h
I, <. T~

Title
Date Laboratory
Sample Shuttle Seal No. OJ Q Broken -tfL I _O_ I ±&

Time (Mil) Seal Broken
and Sampling Begun

FIELD SAMPLE NUMBER
CONTAINER
NX:MBER(S>

VOLL-ME OF
CONTAINERS DESCRIPTION OF SAMPLE

LAB CONTROL NO.
. f t t l -

VGA-

7

i

Date Sampling Completed & Field
Seal Affixed to Sample Shuttle

»-T Q /"I
£/-— / -?-V

Military Time'/ Field Affixed
Sample Shuttle Seal No.

- > r) r- -j. -) h
^ ' G l-> T ^0

Laboratory Person Breaking Field
Seal on Sample Shuttle & Accepting
Responsibility for Sample

SeafNe

Title

- . t
Samole Seal No. / uTBroken II Military Time Seal Broken

SAMPLE RELINQUISHED BY SAMPLE RECEIVED BY DATE TIME REASON FOR CHANGE OF CUSTODY

COPIES: Cold • Container/Shuttle Preparation Receipt
Yellow • Analyst Chain of Custody

fink - Field Sampler Receipt
White • Sample Custodians Chain of Custody
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"iForm OEP-009
10/86

J

STATE OF NEW JERSEY
DEPARTMENT OF ENVIRONMENTAL PROTECTION

TRENTON, NEW JERSEY 08625

j
I.D.

CHAIN OF CUSTODY WITHOUT SHUTTLE

~-3AME OF UNIT AND ADDRESS:

:AMPLE
N U M B E R

Number
of

Containers!
DESCRIPTION OF SAMPLES

>/5

T4,

PERSON ASSUMING RESPONSIBILITY POR SAMPLE: I TIME DATE

SAMPLE NUMBER

£
RELINQUISHED BY: RECEIVED BY: TIME DATE REASON FOR CHANGE OF CUSTODY

re-

3*
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i>ETC

CHAIN OF C08TODY

Company: ______ /\J J D C- [ ____________ Job

Address; / /gVvi- -7~t ~ A/ ̂  ______________

Attent ion:

Sample Description!

CUSTOMER I D D E S C R I P T I O H _ _ _ _ _ E T C

.r /1 iLMebti (i \ n*C-yn} 135 Pker.n I
^ \ — ^ » ^ * X I X s * . ^

^

Sample (a) Relinquiahed by»/c"L-/g^T
Date i ./At. /T^ng u I

Sample(a) Received byi _^5"A<Vipig

Time: cX St^ Date:/ I O 1 1 7



I
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ETC

CLIENT CHAIN OF CUSTODY

COMPANY: ETC Corporation
284 Raritan Center Parkway
Edison, NJ 08818

Samples Relinquished by:

Samples Received by:

Time:

Number of Shuttles:
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•/. •/)
THU, FE3 25, 1983, 1:01 PM PAGE 2

JOB#: 8DU45 XRNO: NORM COHPANY:
LCG#: FACILITY:

/PROGRAM ELEMENT 2a/ /SPECVOA/OM/RP--REPORT ONLY--BENZENE, HETHYLENE CHLORIDE,/
/TETRACHLCROETHYLENE, TRICHLOROETHYLENE, TOLUENE,/ /I,1,1 TRICHLCRCETHANE, MEK A
NO XYLENES ON QR01 AND/ /OM-1HC, KEN BAKER TO REVIEW PRIOR TO MAILING/ /FIELD/MI
SC.-STIDOIP/

tm

ABRP
OM-1HC
DMP<G
SPECDH
SPECRP
FIELD/TEMP
FIELD/DTGU
FIELO/GUE
FIELD/MISC.
FIELO/ELEV.
FIELO/UELD
1PP/VOA
SPECVOA
1SU/XVOA
XVOA2
XVOA17
SUBOTTL
1GWP3/Q/FIELD
1GUP2
FIELD/PH
FIELD/SCONO
1TOC4
1TOX4
FIELD/OENTRY
1CHLOR
1GU/MET/P2
1PHENOLS
1504

ETCL/
-ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/GCLL
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/
ETCL/GCLL
ETCL/CCLL
ETCL/GCLL
ETCL/GCLL
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.

(
; — L ...—— |gf

.„)
Company Nome

( ' '/.'&'• &)
Log link

Facility

£ ' P '£"". Z.)
I/A Date received

Shipper * of shuttles

(CS<~ T ")

Airbill *

/"<'/' ̂~ •$ )

Shuttl
*

103

773
348

Tenp

7
6

9
8

Sample
Id

BF99

DUKICAtE

-i— ——

#' T/

Sample
Date

09/26/90

09/26/90

fagg^jggf-IBB —— u«t__ -— - ̂ »̂—«, - > ,,,:,,,, ; x. ; i. . •-. ;' -. ; -. -i ; VJ f 1 K;t,a K.:;Mi KS'-i • : L. .J :

Revision

ff, ft A/£> CVft/SMr

•i Q "3<J 6f% , 64

Job*

HA3062*/

HA3064 /

1AP9/HPTVOA
1AP9/PEST(FPD)
1AP9/MET
1AP9/ACID
1AP9/CY
1AP9/PTVOA
1CR(46)
SPECVOA
SPECBN
SPECAA
SPECSUB

kee Job HA3062

Order Entry Comments
HA3062-SPECVOA: 7 DAY HOLDING TIME FOR HPT/VOLATILES.
HA3062-SPECVOA/ACID/BH/GC/AA/CV: TIER 1 DELIVERABLES REO'D.
HA3062- SPECSUB: PLEASE PROVIDE ALL RAW DATA AND QC INFORMATION
HA3062-UITH DATA PACKAGE.
HA3064- SPECVOA: 7 DAY HOLDING TIME FOR HPT/VOLATRES.
HA30M-SPECVOA/ACID/BN/GC/AA/CV: TIER I DELIVERABLES REQ'D.
HA3064- SPECSUB: PLEASE PROVIDE ALL RAW DATA AND QC INFORMATION
HA3064-UITH DATA PACKAGE.

/^O^<~. if)

AP05/ 1AP9/PEST(EC) AP05/
APD5/ 1AP9/PCBCEC) APD5/
AP05/ 1AP9/SULFIDE APD5/CHYN
AP05/ 1AP9/BN APD5/
APD5/ 1AP9/HCP APD5/
APD5/ 1AP9/HERB(EC) APD5/
APD5/CHYN SPECVOA APD5/
AP05/ SPECACID APD5/
APD5/ SPECGC APD5/
APD5/ SPECCV APD5/
APD5/CHYN J VU ,•v *T* it" u- ;

'<~/V/ / tjCotfP 1

.*•

Sample
Type

1120

120
.-—

^
"x^^&^

HPT/VOLATK 2)
40

SULFIDES( 2)
125

VOA SCREEHC 1)
40

f̂ol̂ ŝi-
HPT/VOLATK 2)
40

SULFIDES( 2)
125

VOA SCREEN( 1)
40

Page 1 of f
Somple Hgmt Comments

[, •" fTV 4 - t^* '^ ~T~>- *~>~-

Problcra note t: YC>
i

r /• 3. &/"
CY/T( 2)
500

HETALSC 1)
1000
TRIP BLANK( 1)
40

CY/T< 2)
500

METALS( 1)
10CO
TRIP BLANK( 1)
40

/
ExtractabU B)
1000
PT/VOLATIL( 2)
40

UHPRES TB( 1)
40

ExtractabK fl)
1000
PT/VOLATIL( 2)
40

UNPRES TB( 1)
40
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PROBLEM LCG

' C C A r s

IC '^C i^r

• ' A C „. "' -CCCS

SMP'.S =T- ..NACsecvEO.

.• SC'.PCe C'C

:-'s S.a.Mir-r.; ft T ±
-C3 Nv..M8£=- A -'•

U.

Ĵ JLi.i .~H .
sec 2 £.vPr^ A -r>

TE SPECS

6 MSWATCHIHG JC8» S (CCtVSCJ l

CCMMCNTS

s MSMATCHINC SMPLE o's r

9. W«SWATCHIM<3 FAC-CCCSS (CC IVSCSCEB)

5 «C'5 EMPTY (ALL! SflY\VtU./OTH6«

I I F16LO OATA -OMITTSO/INCCMH.ITI

1

l̂ BLO/MSC.

E.fELD/CVA XOTHOT

a5Vi6WlO IT:

CCMPUEl
' 'X r-A.

\ \
tofU/



APPENDIX 10

a
=1

i



OHM Corporation

Request for Subcontract Analysis and Saaple Chain-of-custody

Naae of Subcontract Laboratory:____
"' " "• ~ ' •• '" •" " •——— —

Workgroup:/LoqlinX(s): / (J 6

Matrix: //,* O Sampling date(s); l/£b QQ
" — •" ~ —' ' ' i—/ • —-- fr-—i-———-

ETC Sample
ID Numbers H ft 36 6,4

Turnaround is 14 days unless otherwise indicated. __________
(If deadline can not be met, contact ETC Subcontract Department - (201)225-6700

Send report and invoice to ETC Corp. P.O.Box 7808, Edison, NJ 08818-7808
Attention; Subcontract Department

ACIDITY
ALKA
NH3
NH3/D
ASBESTOS/EM
ASBESTOS/LM
BICARB
BOD
BROM
BTU
CARB
CA/CAC03
CHLOR
CL2/T
CL2/D
CL2/R
COD
COLI/F
COLI/T
COLOR/S
COLOR/A
CR(+6)
~CY(CHLOR)

Others:

The following analyses are requested:
____ CY/T ,
____ FLUORIDE
____ FORM/UV
____ HARD
____ N03
____ N02
____ N2/ORG ___
____ N2/TK ___
____ ODOR ___
____ 0+G/GRAV ___
____ 0+G/IR ___
____ PETHY/GRAV ___
____ PETHY/IR ___
____ PHENOLS ___
____ PHENOLS/DL ___
____ P04/T ___
____ P04/ORG " ___
____ P04/ORT ___
____ PHOS ___
____ CY/REACT ___
____ SULFIDE/REACT ___
____ SOLIDS/T ___

SOLIDS/TD

provide. 0. II

SOLIDS/SETL
SOLIDS/TS
SOLIDS/TV
S04
SULFIDE
S03
SURFAC
TOX
TOX 2
TOX 4
TOC2
TOC4
TURB
DW1/ABO
DW1/RA226
DW2/RA228
AP9/SULFIDE
AP9/CY
COMPCV
FILT
HOMO
ECRA/PETHYIR

su- b
ir$orm-lriof\ -with A? e /i? «

Chain-of-custody (coaplete^ajjproprj^e section)
Option ArCourier piclcup at ETC ;

Saraple(s) relinquished by ETC:_____^y _________/ /
Time:__________ff O& * ''/'* Date: VI $ 7 I<J7T

Saraple(s) received by:.
Time:______

/ V t
Date:

Option B;Sending sample from ETC
Shuttle sealed at ETC by:______
Date:________________ Time:. Seal Number:
Shuttle opened by:.
Date:__________
Seal intact? ves / no

Time: Seal Number:
Shuttle contents in good condition? yes / no

Comments;
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ETC ——————————
USEPA SAMPLE LOG-IN

Case #: ____

Received Date:

Sample Manager/Date: __________________/___________________

DIRECTIONS: Circle the appropriate answer and complete all blanks

1. EPA Chain of Custody Form is present for all samples.
YES NO

2. Airbills present for all containers received. YES NO

3. Traffic reports/SAS packing list present. YES NO

4. Custody seals present on shipping containers. YES NO

5. Custody seals present on sample containers. YES NO

6. Sample tags present for all samples. YES NO

7. List any sample ID tags not included on chain
of custody records:

8. Condition of shipping containers: INTACT NOT INTACT

9. Condition of sample containers: INTACT NOT INTACT

10. Receiving documents are in agreement. YES NO

11. Problem numbers discussed with Sample Management Officer:

SMO Contacted By:

Name of SMO Contact:

Date:

Rev. 10/90



ETC Corporation Network Document

1.0

I

1.1

2.0

2.1

2.2

2.3

2.4

Page l of 4

SCOPE AND APPLICATION

The purpose of this SOP is to describe the mechanisms for
internal sample tracking at ETC/EDISON from receipt to final
analysis and to include examples of laboratory documents.

SUMMARY

Sample tracking begins at time of receipt, when a hardcopy login
form is generated and the sample is linked into ETC's computer
system for scheduling and tracking. Sample are placed in a
secured storage area by the sample manager as part of the log-
in process. The samples are accessed by authorized laboratory
personnel, utilizing laboratory chronicles to document changes
in custody.

Designated schedulers utilize log-in Forms and computer-generated
reports to prepare analytical batches, which are processed by
appropriate laboratory personnel. As work progresses on each
sample, changes in status are routed through schedulers, who
update the computer system. Information from the computer system
is available in both hardcopy and screen versions, and is used
by ETC personnel to track the status of samples in the
laboratory.

When all analytical work has been completed on a sample, the data
batch is routed to the scheduler or other designated person
within each work area and the computer system is updated.

Any remaining sample and/or extract is held in a secured storage
area until at least 30 days after the issuance of the technical
report. At the end of 30 days, the sample is disposed of. ETC
retains samples and/or extracts samples for longer periods of
time in those cases where it is requested by the client or is
contractually required.



ETC Corporation Network Document

3 .0 safety

3.1 All appropriate safety precautions as described in the ETC Safety
Manual should be used when handling samples.

4.0 APPARATUS AND MATERIALS

4.1 Computer terminal with access to

4.1.1 AMSTAT

4.1.2 CS05AM

4.2 Laboratory Chronicles

5.0 PROCEDURES

5.1 Samples are received at ETC in the sample management area. The
sample manager logs the sample in utilizing the procedures
described in SOP# ED21003 ETC/EDISON Log-in Procedure. At the
time of login, a hardcopy log-in form is generated and
circulated to appropriate personnel, including group schedulers,
and the samples are linked into ETC's computer system. The
samples are placed in a secured storage area.

5.2 The schedulers utilize the log-in forms and other computer
generated reports to prepare and schedule analytical batches.N
The batch sheets are routed to appropriate personnel for
processing. The samples on the batch sheets are retrieved by
analysts and/or technicians from the secured storage areas.
Changes in custody are documented by the use of laboratory
chronicles, as described below:

5.2.1 Sample Preparation Chronicle

The analyst who signs under "set-up" claims custody of the
sample from sample storage to the laboratory. The
verification of the supervisor's signature represents the
completion of analysis and subsequent transfer of the
remaining sample back to sample storage, and of the extract
to the extract storage refrigerator.

1

I

I



] ETC Corporation Network Document

Page 3 of 4

5.2.2 GC/MS Laboratory Chronicle

o Volatiles - The analyst who signs the analysis
chronicle claims custody.of the sample from sample
storage to the laboratory. The supervisor's signature
represents the completion of analysis and transfer of
the sample from the laboratory back to the volatile
refrigerator.

o Extractables - The ,analyst who signs the analysis
chronicle claims custody of the extract from the
extract refrigerator to the laboratory. The
supervisor's signature represents the completion of
analysis and the transfer of the remaining extract back
to extract storage.

5.2.3 GC'and HPLC Analysis Chronicle

The signature of the analyst represents custody of the
extract in the laboratory. The supervisor's signature
represents the completion of analysis and transfer of
remaining extract back to extract storage.

5.2.4 Metals Laboratory Chronicle

The chemist who signs for preparation is responsible for the
transfer of • the sample from initial storage to the
laboratory. The supervisor's signature represents the
completion of sample analysis and transfer of remaining
sample back to initial sample storage.

5.2.5 Conventionals Laboratory Chronicle

The analyst who signs on the analysis log form claims
custody of the sample from initial storage to the
laboratory. The signature of the supervisor represents
completion of analysis and transfer of remaining sample back
to storage.

5.2.6 Percent Moisture Worksheet

The Form may be used independent of the Sample Preparation
Chronicle . The analyst who signs on the form claims
custody of the sample from initial storage to the
laboratory. The signature of the supervisor represents
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Page 4 of 4

completion of analysis and transfer of remaining sample back
to storage.

5.3 As the sample progresses through the laboratory, changes in
status are routed through group schedulers, who update the
computer system as needed.

5.3.1 When sample preparation re-work is required for semi-
volatile organic analysis, a "Rework Required Form for
Sample Preparation" is initiated and the sample
rescheduled for the re-extraction or other rework specified.

5.4 When all analytical work has been completed on a sample, the data
batch is submitted to the group scheduler or designate. This
person updates the computer system, and transfers the batch on
to the Report Production area for processing into technical
reports. Issued technical reports are stored in a secured area
on-site for a period of up to 1 year then transferred to an off-
site archive.

5.4.1 USEPA CLP Samples technical reports are purged with the case
file as contractually required.

5.5 Any remaining samples and/or extracts are stored in secured areas
for at least 30 days after the issuance of technical reports, or
for as long as requested by the client or contractually required..
After this period, the sample is disposed of as described in SOP=
SMS00501.ED.

6.0 QUALITY CONTROL

7 . 0 APPENDICES

7 . 1 References

7 . 2 Supplemental Document

7.3 Quality Control Criteria

-1
J

I



I APPENDIX

7.0 APPENDICES

H 7.1 References

S_ 7.1.1 ED21003 - SOP for ETC/EDISON Log-In Procedure

** 7.1.2 SMS00501.ED - SOP for Sample Disposal at EDISON.

H 7.2 Supplemental Documents

7.2.1 ETC login form

U 7.2.2 Copy of page from CS05 showing various status1 of samples

fm 7.2.3 Copies of laboratory chronicles

-^ 7.2.4 Copy of status change request form from the laboratory

1 7.2.5 Copy of Sample Preparation Rework Form

7.2.6 Copy of computer generated GC/MS schedule

j 7.3 Quality Control Limits

i 7.3.1 Not Applicable

.

I
1
I
1
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Company Name

LogI ink

Facility

T/A Date received

Shipper # of shuttles

Airbill #

Revision

ETC LOGIN SHEET
Order Entry Comments

Page i ol
Sample Hgmt Comments

Problem note *:

ShuttI T«mp Sample
Id

Sample
Date

Job* Sample
Type



COPY OF PAGE PROM CS05 SHOWING VARIOUS STATUS' OP SAMPLES
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°LL
Sortea 6y: DCiEOflTE. ACCOUNT. JOBNUrBES

Job No. LogLnk Xrnd DueDate Hold Src/Sent
<Bkjob> JooLnk Team RecDate Date Location
Facility SmpPnt Price

Lab Sample Control Report (CSOSAo)
Atype QaBatch

Data last i,coa-j=: 90/ : : /Oi a-. :5 :«

SP MS GC AA CV PH DM

ficetid: «lll)UJ aMB»a»*M 1 jttll

CR5090-02

•»••""•*•

100704 OR14
35507 USAM

SB-28U-2)

90/11/09
(30/10/26)

00/00/00
90/11/04
00/00/00
90/11/0*
00/00/00
00/00/00

CLPl/
CLPl/
CLPl/
CLPl/
CLPl/
CLPl/

2IF3/PST/PC8
2IF3/PST
IF3/PH/H
2IF3/PC8
SPECGC
SPECRP

C670315
0670315
C670315
CC70315

0
0
D

1031
1031 ::•
1031 .:

H1031 '•'[

H1031 '•:'•
H1031 ;•;

: * • • •

1 NEED :.
NE|0 ': ;.

PECGC/BP: REPORT ONLY PCB'S./ /»* 14-ORY VERBOL. 21-QBY HPPQCOPV./*

CR&096-03 100704 OR14
35507 USAW

FIELD8LPNK

90/11/03
(.90/10/26 )

00/00/00
90/10/29
90/10/29
00/00/00
00/00/00

CLPl/
CLPl/
CLPl/
CLPl/
CLPl/

1IFB/PCB
1IF8/PST
SPECGC
SPECRP

0670316
0670316
CG70316

-••••* .

U1031 H
D1031 Hi

H1031 :!
H1031 r!
H1031 1

* « • *

/SPECGC/PP: REPORT ONLY PCB'S./ /** 1*-D«Y VERBflL. 21-OPV

(.H3097-OJ 100704 Unl4 90/11/09 00/00/00 CLKl/ lir9/H5T/
35507 US/Ufi (90/10/26) 90/10/30 CLPl/ 1IFB/PC8

FIEL08LRNK MMW 90/10/30 CLPl/ 1IF3/PST
00/00/00 CLPl/ SPECGC
00/00/00 CLPl/ SPECRP

/SPECGC/RP: REPORT ONLY PCB'S./ /•* 14-DflY VEBBfiL. 21-OflY HflRDCCPY./**

0670318 D1031
0670316 D1031
0670316 :-

H1031
H1031
H1031

3 CUMRESOLVE Facility Total: 3

NEED
KEEO

Pceouit Daily Total: 3
Daily Totals tor 90/11/09 Jobcount: 3 12

I
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ETC CORP. LAB CHRONICLE. Sample Preparat ion

JOB NO.

:s
S1

sa
" MSI

MSCn

MSJ

M<D2

LOGLINK

V E R i F T SPIKE

V
•/

5
U

SAMPLE
AMT

ml gm
MC'.ST

f
y«

DRY
'.vGr.T

gm

E X T R A C T VOL (m/ V
•

r

m
&

QC BATCH NO:

f i£ -=AT

ORlG
JC3

NAL
NO.

ORIGINAL
OS. NO. .

A T Y F E S

COMMENTS:

PROCEDURE SIGNATURE DATE
Q CONTINUOUS
CD SEP. FUNNEL
CI SOXHLET
O SONIF1CATICN

[H DILUTION
O DERIVATION
n CLEANUP
CD SETUP
CD CONCENTRATION

CH SUPERVISOR

MATRIX UPDATES
Q 1 WATER DOS

D 2 SOIL D WIP
D 3 COMPLEX QDONE

SPIKE

SURROGATES

VOLni

vOL mi

CONC uj/T"

CONC v,g<mi

LOT NLWEEn

1

LO: NL!W=ES

4 ORGANIC LIO. EhD:



ETC CORP.

«X - WET SOIL WEIGHT - DRY SOU. WEIGHT

wrr SOIL WEIGHT
DRY WEIGHT - t - \H » WIT SOIL WEIGHT

100
1SOLI33 . (1 - )M> x 100

X 1OO
PERCENT MOISTURE WORKSHEET

QC BATCH: ________ ___

SAMPLE
NUMBER

LOG
LINK

CRUCIBLE
& WET

CRUCIBLE WET SOIL SOIL
WEIGHT WEIGHT WEIGHT

(g) (g) (g)

CRUCIBLE
& DRY

DRY SOIL SOIL PERCENT PERCENT..
WEIGHT WEIGHT MOISTURE SOLIC

(g) (g) (%)

TT
-Dl

T "T

COMMENTS:

PERCENT MOISTURE SET-UP:

PERCENT MOISTURE COMPLETION:

SUPERVISOR SIGNATURE:

DATE:

DATE:

DATE:



]

]

ETC Corp.

Date_______

LABORATORY CHRONICLE : GC-MS Depar tment

Instr.______ _______ _____

94 Page__o f.

A-Type______
Tune f i le__
Seq. f i le__
Method f i l e
ID f i l e __
CB f i l e ___
Ana 1ys t____
Reviewed by/Date,

Batch *'s ______

I_. Standards Updated.
I Da t e________By

Tape . I n j . __u 1

I
Standard

Cone
ppm

Lot
No.

Lot
Uo L

NAME
DATA
Fi le

in i t .
ml/g

ALS
Dil

Inj.
Time Comment s

R : redo , P : Aroclor search , * : Plus search



ETC Corp.

Date_______

LABORATORY CHRONICLE : GC Department 57 Page__of___ 1

Ins t r.____

A-Type_____
Column_____
Col. Lot___
Ca 1 i b . F i le_
Seq. F i l e •
he? thod f i l e .
ID file____
Con f i gu . f i l e .
Ana 1ys t
Rip viewed by/Date.
Batch ft's

I____Standard Updated.
I Da t e_________By_____

Tape ft. I n j ..

St anda rd
Cone .
ppm

Lot
No. Standard

Cone .
ppm

Lot
No.

NAhE
___Da t a F i 1 e
Detec.l Detec.2

in i t .
ml/g

ALS
Di 1 Commen ts

JJ

I

R : redo



1

ETC Corp.

ate_______

LABORATORY CHRONICLE : LC

Instr. ______

Department Page___o f.

'A-Type.

eq . f i l e .
f i l e

I D f i l e

jAna lys t.
Reviewed by/Date.

Batch *'s ______

1_ Standards Updated.
I Da t e________By_____

» o e

' I Cone
Standard ! ppm

. I n j . __u 1

Lot
No :

NAME
DATA
Fi le

in it. IALS
ml/gl * Oil Commen t s



ETC

ETC LOGLINK

1

]

ETC COR:E> _

METALS DEPARTMENT
LABORATORY CHRONICLE

i

SAMPLES

CHEMIST DATE

Hg Prep

AA Prep

ICAP Prep

Boron Prep

SUPERVISOR SIGNATURE DATE



ETC
TOTAL PHENOLICS
QW-Batch: _______
QC-Batch: ________
Verified:

Instrument:

Methcxl Ref: EPA 420.2, SW-846 9066 Page _
Colorimetric, Auto-4AAP, w/Distillation Date: _
MDL: 0.050 mg/l Time: _

Matrix: Aqueous Analyst:

of

3 Seq# ETC Job # pH Int. Analyzed mg/l

Dilution

Factor

I

Reported

mg/l
Comments

Calculations

CV-10 5/90 Rev. 0



COPY OF STATUS CHANGE REQUEST FORM FROM THE LABORATORY



0
BATCH

ETC CORPORATION

CLP1 UPDATE FORM

___________ DATE;

SAMPLE #'S OR ATTACHED CHRONICLE:

f_*Kl

COST CENTER:
SP [ ] MS [ ] GC [ ]

STATUS: HERE [ ] ACQ [ ]

ATYPE;
IFB/VOA, IFB/VO+1 [
IFB/BNA, IFB/BNA+2 OR 20 [
IFB/PST [
IFB/PCB [
IFB/MET [
IFB/CVAP [
IFB/FLAME [
IFB/FURNACE [
IFB/ICAP [
IFB/CN [
PP/VOA [
PP/BN [
PP/ACID [
PP/PST [
PP/PCB [
O&PST/PCB [
PP/MET [
RC/MET [
EPTX/MET [
TCLP/MET [
TAL/MET [
M601 [
M602 [
M618 [
SPEC [

AA [ ] CV [ ] PR [ ]

WIP [ ] DONE [ ] BATCH [ ]

ECRA/VOA, ECRA/VO+15
ECRA/BNA, ECRA/BNA+25
ECRA/PST(GC)
ECRA/PCB(GC)
ECRA/MET
ECRA/CN
ECRA/PN
NJTSK/VOA, NJTSK/VO+15
NJTSK/BN, NJTSK/BN+15
NJTSK/ACID, NJTSK/AC+1
NJTSK/PST(GC)
NJTSK/PCB(GC)
NJTSK/MET
NJTSK/CN OR NJTSK/CY
NJTSK/PN
AP_/PTVOA
AP__/HPTVOA
AP__/ACID
AP__/BN
AP__/HCP
AP_/PST(EC)
AP_/PCB(EC)
AP_/PST(FPD)
AP_/HERB
AP_/MET

OTHER:

SUBMITTED BY:

UPDATED BY: DATE:



COPY OF SAMPLE PREPARATION REWORK FORM



3
j

ETC
CLP 1 WORK GROUP

REWORK REQUIRED FORM FOR SAMPLE PREPARATION
Q_ BATCH NO.________

SAMPLE NO. FRACTION REASON (Refer to Key)

I

KEY:

(1) LOW/NO PEST SURR
(2) LOW/NO BN SURR
(3) LOW/NO ACID SURR
(4) HIGH PEST SURR
(5) HIGH BN SURR
(6) HIGH ACID SURR
(7) MS,MSD DO NOT MATCH
(8) BIPHASIC
(9) NEEDS DILUTION

f ] (1:5), [] (1:10)
[] ( )(WRITE IN)

(10) CONTAINS PRECIPITATE

REQUESTOR:___
AUTHORIZED BY:
QA OFFICER:

(11) EVAPORATED
(12) BLANK CONTAM.

WITH_______
(13) NEEDS TEA

SULFITE CLEAN-UP
(14) NEEDS COPPER

CLEAN-UP
(15) LOW/NO SPIKE
(16) HIGH SPIKE
OTHER

.(MANAGER)
DATE:_
DATE:
DATE:"



COPY OF COMPUTER GENERATED GC/MS SCHEDULE

;j



Current date: 90/09/21*

Sequence:

Job! Scrn Amt Fraction

*** MS SCHEDULING SHEET

Loglnk

CAU910 1NJTSKU/VO+15
1NJTSKU/VOA
SPECVOA

Start date:

Completion date:

--- END OF
Signature:

Signature:

Page: 1

Batch!: HS5310
Sched: 90/09/2*4

Category: VGA

Xrnd Batch# Acq Wip Comments

100629
100629 O6fao DAlU
100629 Op/00 DAlU

7^

>-
CJtfta
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APPENDIX D-2

ENSECO



STANDARD
OPERATING
PROCEDURE

Subject or Title: Page _1_ of 3
SAMPLE LOG-IN

SOP No.:————————————————Revision No.: Effective Date:
LP-RMA-0003 1.0 Feb. 27, 1992

Supersedes: Original " ~~~

ENSECO PROPRIETARY INFORMATION STATEMENT

This document has been prepared by and remains the sole property of ENSECO
INC. It is submitted to a client or government agency solely for its use in
evaluating Enseco's qualifications in connection with the particular project,
certification or approval for which it was prepared, and is to be held
proprietary to Enseco.

The user agrees by its acceptance or use of this document to return it upon
Enseco's request, and not to reproduce, copy, lend or otherwise disclose or
dispose of the contents, directly or indirectly, and not to use it for any
purpose other than that for which it was specifically furnished. The user
also agrees that where consultants or others outside of the user's
organization are involved in the evaluation process, access to these documents
shall not be given to those parties, unless those parties also specifically
agree to these conditions.

1. Purpose:

To create analyses records in the laboratory computer for notification to
lab analysts.

2. Policies:

Log-in must be completed within 24 hours of authorization. Authorization
occurs after all discrepancies are resolved or in some instances approved
addendas are received.

Prepared by: Date:
Cindy Patterson February 27, 1992

l : Date:

Date:

/̂



STANDARD
OPERATING
PROCEDURE

Page 2 of _3_

SOP No.: Revision No.: Effective Date
LP-RMA-0003 1.0 Feb. 27, 1992

3. Safety:

Always wear gloves, safety glasses and lab coats when handling samples.

4. Procedure:

As log-in proceeds fill out the LOG-IN checklist (Figure 1) and address
all the issues on this form.

4.1 Once all discrepancies (as described in the sample receipt SOP LP-
RMA-0005) have been resolved as best possible, go to the second page
of the project screen in LIMS. Make sure that the correct
information regarding turn around time, due date, date of receipt are
present. Accept the samples by using the sample delivery acceptance
soft key. After each soft key, a "do" or saving key must be used to
save the changes. Samples cannot be logged in unless this step is
performed.

4.2 Determine group codes for each sample. Samples with the same
analytical requests and same matrix type should be grouped together
in one group code. Check with the program administrator regarding
any special instructions for the samples.

4.3 In LIMS, go to "Group Code"by using the "Group Code" soft key. Add a
group code by pressing the "Add Group Code" soft key. In the group
code the LIMS sample numbers, matrix type and total sample number
fields should be completed.

4.4 Next go to "Test List" using the "Test List" soft key. Use the "Add
test list" soft key and add the test codes that are applicable to the
client request for each sample as listed on the chain of custody
and/or other supporting documentation.

4.5 Create group codes and add the requested tests for all samples with
similar sample matrices and analytical requests.

4.6 Add any applicable special instructions for the corresponding
groupcode in which the sample(s) is assigned. To input special
instructions, the following sequence of soft keys must be used. If
others are used, the special instructions will not appear. "Group
Code", "Test List", "More Functions", "More Functions", "Group
Instruc.", "Add Instruc." If special instructions are long,
additional sequences may be necessary. Make sure a note that there
are additional sequences is added.



1
STANDARD
OPERATING
PROCEDURE

3

Page 3 of 3

SOP No.:——————————————————Revision No.: Effective Date:
LP-RMA-0003 1.0 Feb. 27, 1992

4.7 Go to the sample list by using the "Sample List" soft key. Add each
sample, (use "Add Sample" soft key) filling out all pertinent
information such as; sampling date and time, group code, bottle types
received. Fill out all fields.

4.8 Print the sample list, and a group code report using a control"R" at
the sample list screen and group code screen. The paper work should
be placed in the project folder. A level 3 checklist (Figure 2)
should already be in the the project folder. Abort from this data
base and go into "Project reports". Go to acceptance letter and
print the acceptance letter by using the appropriate soft key. By
using the appropriate soft keys print the sample description and
request list paper work. This paper work should also be place into
the project folder.

4.9 Fill out a chain of custody (Figure 3) for subcontracted work if
necessary. A purchase order (Figure 4) must also be filled out. For
subcontracting to another Enseco facility fill out the
Interlaboratory Analysis Request form (Figure 5).

4.10 Perform any compositing, filtering or splitting as necessary. Create
any additional preserved bottles if necessary.

4.11 Put samples in the proper locations. Volatiles are placed in
separate refrigerators. Waters for organic prep are placed in
refrigerators near the Organic prep labs. All other samples are
placed by team identification in the walk in refrigerator.

4.12 Place project folder in the appropriate location for the team.

5. Responsibilities:

Program Administrator is responsible for reviewing that the log in has
been performed correctly based upon the client's requirements and that
sample receiving personnel are notified of log in errors. The Program
Administrator is responsible for confirming that errors have been
corrected. Sample receiving personnel are responsible for transferring
the information received with the samples to the laboratory LIMS system
and ensuring that a hard copy of this information is placed into the
project folder.

6. Definitions:

I Special instructions - Typed instructions in LIMS to the teams and
analysts that are necessary to complete the work and can not be indicated*
by using one of the test codes assigned to the samples.

j



I RMAL Industrial Login Review Revision 3.0 February 27, 1992

Project f: __________ Dup'd from project #: _______

..]' Set-up By: __________ Dup'd Group Codes: _________

-1 Logged By: __________ Date:________________a
_ SAMPLE CONTROL REVIEW
"1 Y N INITIALS
J —— —— —————

1. Chain of Custody filled out correctly: __ __ _____

J 2. Short holding time worksheet correct: __ __ _____

-} 3. Sample bottle/type correct: __ __ _____

4. Overflow sample storage in special instructions:__ __ _____

5. All login paperwork included and correct: _
Sample list, group code report & acceptance letter

6. Trip blanks, equipment blanks, and field blanks
have correct aliquot designation: _

7. Sample disc., request list, and
acceptance letter in folder: __ __ _____

8. Comments: Include action taken to resolve discrepancies. Include
hardcopy of VAX mail, or extra paper, if more space is needed. Sign
and date.

PROJECT ADMINISTRATOR REVIEW: Y N INITIALS DATE

Report input sheet:
Invoice information:
All discrepancies resolved:
Sample and test matrices correct:
Sub paper work correct:
Clear picture of sub samples in folder
Special Instructions in LIMS:
Modified component lists checked:
Project due, TAT, received & collected

dates OK:
Log released:



RMAL Industrial Sample Checklist Revision 3.0 February 27, 1992

Project #:__________ Date/Time Received:____________________

Company Name & Sampling Site:______________________________

*Cooler #(s):_____ _____ _____ _____ * Place copy of airbill
inside all non-RMAL

Temperatures:_____ _____ _____ _____ coolers. Describe here.

UNPACKING & LABELING CHECK POINTS: Y N INITIALS

1. Radiation Checked; (record reading if > 15 mr): __ __ _____

2. Cooler seals Intact: __ __ _____

3. Chain of Custody Present: __ __ _____

4. Bottles broken or leaking (comment if Y): __ __ _____
-photograph broken bottles-

5. Containers labeled (comment if N): __ __ _____,

6. pH of samples taken: __ __ _____
-any discrepancies between pH and bottle
type? (list below)_______________________________

7. Chain of Custody signed with date, time & lab:

8. CoC agrees with bottle count (comment if N):

9. CoC agrees with labels (comment if N):

10. VOA samples filled completely (comment if N):

11. VOA samples preserved:

12. Sediment present in "D" bottles:

13. Short holding times:

14. Matrix QC verified:

15. Multi phase samples present (comment if Y):
-photograph multiphase samples-

16. Clear picture taken & labeled:

Comments: include action taken to resolve discrepancies/problems. Include a
hard copy of VAX mail or extra paper if more space is needed.

Sign and Date:



Level 3 Checklist

Client:________________ Project #:

Organics Inorganics

port Writing Checklist Yes No Yes No

?. Are departmental camera ready report cover sheets
available and complete? Have anomalies been documented? __ __ _ _

. Have holding times been met? If no, is the holding
time violation notification present? _ __ _ _

. Are project data sheets and QC reports complete and in
a finished client report format? __ __ _ _I

4. Is the industrial report writing checklist available
1 and complete? _ _
,. j

nitials: _______ Date : ___________
: ] ̂
, J
Review of Checklists, Set-up, and Project Yes No
Li. Is the chain of custody properly signed? _ _
'.L Have all requested parameters been reported for each
.J sample? __ _

Are anomaly forms, out-of -control forms, and report
writing checklists available and complete? __ _

Has confirmation of final disposition of samples been
generated? _ _

the client been notified about anomalies and/or
I missed holding times? __

6. Are ALL phone conversations documented and present in
1 project folder? (Self sticking or gummed note pads are
I not appropriate.) __

jj. Is the report format consistent with the client's request? __

". Are the project data consistent with related measurements
and parameters? _

j. Has the client's overall quality objectives been met? __

|| . Was the quoted turnaround time met? _

11. If work was subcontracted, are the results consistent
I with the client's request? _

•' PA Initials: Date:

!BC4



ENSECO, INC.
RMAL Division

Project Billing-Audit Checklist

Project No.

Audit Step Procedure Yes No

1. Account Number If new account, has Accounting Department been
notified and credit approval obtained

2. Prices

3. Quantities

4. Penalties

5. Client Data

Prices have been verified (including discount
and surcharges)-Check as applicable

A. Enseco Price List ___
B. Quotation ___
C. Contract ___

Quantities billed verified for accuracy

Was guaranteed TAT period negotiated with
client, if yes, complete separate sheet?

Proforma invoice has been verified to ensure
invoice is complete and mailed to correct
person/dept.

A. Client ID verified
B. Address verified
C. P.O. # is shown or, if verbal, name of contact

Was project or part of project sub out (check one)
A. Sister Lab A/C 920 _________
B. Outside Lab A/C 160
C. Data Delivered to RMAL on time?

If no, elaborate below.

If yes to above has invoice been charged to
account 920 or 160 as appropriate?

Project has been audited and approved for billing.

7. Sub Out

'1

PA Signature Date



^Enseco
A Coming Company

J __i I_} t_l
Rocky Mountain Analytical Laboratory
4955 Yarrow Street
Arvada, CO 80002
303/421-6611 FAX: 303/431-7171

PROJECT

SAMPLING COMPANY

SAMPLING SITE

TEAM LEADER

DATE TIME SAMPLE ID/ DESCRIPTION

CUSTODY

RELINQUISHED BY (SIGNED)

TRANSFERS PRIOR TO SHIPPING

RECEIVED BY (SIGNED) DATE

SAMPLE SAFE™ CONDITIONS

SEAL INTACT UPON RECEIPT BY SAMPLING COMPANY

SEALED FOR SHIPPING BY

SEAL NUMBER

SEAL INTACT UPON RECEIPT BY LAB.

D Yes D No

SAMPLE TYPE

TIME

ft CONTAINERS

SEAL NUMBER

CONDITION OF CONTENTS

INITIAL CONTENTS TEMP.

°c
SAMPLING STATUS

LJ Done LJ Continuing Until
CONTENTS TEMPERATURE UPON RECEIPT BY LAB.

°c
ANALYSIS PARAMETERS REMARKS

SHIPPING DETAILS
DELIVERED TO SHIPPER BY

METHOD OF SHIPMENT

RECEIVED FOR LAB

ENSECO PROJECT NUMBER

SIGNED

AIRBILL NUMBER

DATE/TIME

White - CLIENT Pink - LAB



I PURCHASE ORDER

j Rocky Mountain Analytical Laboratory
4955 Yarrow Street. Arvada, CO 80002 (303)421-6611

NUMBER________
Show this Purchase Order Number
on all correspondence, invoices.

!
A DIVISION OF

ENSECO ^ f
INCORPORATED U3 iG

\
Contact

Phone
I ———————————————————————— ————————————————————

Date Required

l_
Emp.
No.

\

!

1
^

Dept. Project Quantity nemt/Description Price Amount Rec 'd. Date

Acknowledge promptly if you are unable to ship
complete order by date specified
Invoice in triplicate Signed by_



INTERLABORATORY
CHAIN OF CUSTODY

XJ—I I—i

ATTENTION:

EXPORT ID

TEST PRICE

SUBTOTAL

DISCOUNT / SURCHARGE

TOTAL
•SPECIAL INSTRUCTIONS

SAMPLE
CONDITION

UPON
RECEIPT

ATTENTION: ———— '

COMMENTS

WRITTEN RESULTS VERBAL/FAC RESULTS P.O. No
REQUIRED BY (DATE) REQUIRED BY (DATE)

Q.C. D STANC

SAMPLE DIS

IARD FNfiprn n r.i P pnnTnrni f~1 PHn \fr.~r sppr.iFir.

5POSAL PI FNSFr.n PI RFTURN Tn r.l IENT n PHONF

DETECTION LIMITS D COMMON PRODUCTS D OTHER*

HOLDING TIMES DENSECO DEPA-CLP DTER D OTHER*

RAW DATA COPIES NEEDED DYES DNO

CUSTODY SEALS INTACT DYES D NO D WET WEIGHT D DRY WEIGHT
RELINQUISHED DATE / TIME

RECEIVED DATE / TIME

ENS -1109

IMPORT COPY
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APPENDIX D-3

WARZYN



CHAIN-OF-CUSTODY
Superfund Level

Scope and Application: Chain-of-custody procedures are used to maintain and
document sample possession. This particular procedure
is applicable when full chain-of-custody procedures
are required for enforcement driven investigations.

Reference: NEIC Policies and Procedures, May, 1978 (Revised March, 1986).
EPA-330/9-78-001-R.
U.S. EPA Central Regional Laboratory (10/15/82).

Procedure: Due to the legal nature of enforcement driven investigations,
possession of samples must be traceable from the time the samples
are collected until introduced as evidence in legal proceedings or
destroyed. To maintain and document sample possession, strict
chain-of-custody procedures are followed.

A sample is under your custody if:

1)
2)
3)
4)

Field Custody:

it is in your possession, or
it is in your view, after being in your possession,
it was in your possession and you locked it up, or
it is in a designated secure area.

or

1. As few people as possible should handle samples.

2. The field sampler is personally responsible for the care and custody of
the samples collected until they are properly transferred or dispatched
to the appropriate laboratory.

I

Sample tags and labels shall be
proof ink (unless prohibited by
log book notation would explain
sample tag/label because a ball
freezing weather.

completed for each sample, using water
weather conditions). For example: a
that a pencil was used to fill out the
point pen would not function in

The field project coordinator determines whether proper custody
procedures were followed during the field work and decides if
additional samples are required.

J
3 [DMSOP]

COC3-1



3

Transfer of Custody and Shipment |j

1. Samples will be packaged properly for shipment and dispatched to the —
appropriate laboratory for analysis, with a separate custody record •
accompanying each shipment. The method of shipment, courier name, and "
other pertinent information is entered in the "Remarks" (#14) section
of the custody record (see Figure 3). Shipping containers are "sealed" •
with numbered chain-of-custody seals. The seal numbers are also noted U
in the "Remarks" section of the custody record.

2. Samples are accompanied by a chain-of-custody record (see Figure 3). m
When transferring the possession of samples, field personnel will ^
complete the information required for #1 through #11 on the chain-of-
custody. Any remarks pertaining to shipping are included in #14. This H
information is required prior to the field personnel relinquishing «3
custody of the samples. This record documents sample custody transfer
from the sampler, to the mobile laboratory or a distant laboratory. H

3. Each shipping container will be accompanied by a chain-of-custody
record identifying the contents. The original record will accompany
the shipment, and a copy will be retained by the field project M
coordinator. ^J

Sample Receipt and Sample Log-In Procedures -n

Safety Precautions: All samples received should be considered hazardous and
appropriate precautions should be taken when handling
these samples. Under no circumstances should any
personnel other than the sample custodian or project -3
leader open coolers. If damage or leakage is noted, stay
clear of the coolers and notify the sample custodian or m
project leader immediately. All samples will be opened IJ
in a hooded area! ^^'

Procedure: H

1.0 The project leader will notify the sample custodian in writing of
incoming samples. ||

2.0 The custodian will receive the samples and deliver them to a hood
located in the analytical laboratory. The procedures described below •
will be followed by the sample custodian: . •

2.1 Examine the shipping container and record the following
information on the project log form (Refer to Figure 1). A
separate project log form is required for each shipping container.

- The presence/absence of'custody seal on the shipping container. 1- The condition of the custody seal (i.e., intact, not intact).

[DMSOP] m
COC3-2 J



2.2 Open the shipping container in a hooded area, remove the enclosed
sample documents, and record the following information on the
project log form.

- The presence/absence of the chain-of-custody record(s).

- The presence/absence of airbills and/or bills of lading
documenting shipment of the samples.

2.3 Remove the samples from the container and record the following
information in the project log form.
- Condition of samples (intact, broken, leaking, cold, etc).

- The presence/absence of sample tags.

"" - Sample tag numbers. Compare these numbers with the chain-of-
custody record(s) (Figure 3). If sample tag numbers do not
match. Record this fact on both the chain-of-custody record and
project log form and contact the data management supervisor so
that the discrepancy can be resolved.

2.4 Compare the following documents to verify agreement of the
information contained on them.

- Chain-of-custody records.

j - Sample tags.

- Airbills or bills of lading.

3 2.5 Sign the Chain-of-Custody (Figure 3 - #12 and #13), project log
\^, form and airbills.

H 3.0 Login the samples (refer to the "Chain-of-Custody, Log-In and Tracking
Procedures" SOP Parts 2-7):

I

J

3.1 Each sample is assigned a unique sequential laboratory number.
The laboratory number is entered on the chain-of-custody ($15),
sample labels and sample tags.

3.2 The sample custodian will remove the sample tags. All tags will
be placed in sealed envelopes and placed in the appropriate
project file.

4.0 Sample Storage:

4.1 Samples and extracts will be stored in a secure area designated
for strict chain-of-custody samples.

4.2 Damaged samples will be disposed of in an appropriate manner and
the method of disposal documented.

[DMSOP]
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J
4.3 The laboratory and sample storage areas are secure with strict m

limited access by only laboratory personnel.
4.4 Whenever samples are removed from storage, the removal will be m

documented. All transfers of samples will be documented on the
internal chain-of-custody records. (Refer to Figure 2).

4.5 Samples and extracts will be stored after completion of analysis ™
in accordance with the contract or until sample custodian is
instructed otherwise by the enforcement Project Officer. m

4.6 The location of stored organic extracts will be recorded.

4.7 VOA samples will be stored separately from organic extracts. -1

4.8 Standards are stored separate from samples. ^*
4.9 Samples requiring refrigeration are stored in the walk-in coolers. -j

refrigerator. Metal samples are stored in the black cabinets in
log-in. Metal digestates are stored on shelves in the metals lab. --,

5.0 Sample Security: ^

5.1 Samples will be stored in a secure area. j

5.2 Access to the laboratory will be through a monitored area. Other
outside-access doors to the laboratory will be kept locked. -i

5.3 Visitors will sign a visitors log (located at the reception area
and will be escorted while in the laboratory area.

5.4 Refrigerators, freezers, and other sample storage areas are secure .1
as they are located within the laboratory. ^^

5.5 Only laboratory personnel have access to the laboratory. |j

5.6 Samples will remain in secure sample storage until removed for
sample preparation or analysis. All transfers of samples into and m
out of storage will be documented on an internal chain-of-custody '«
record. An example of an internal chain-of-custody record used
for this procedure is attached. (See Figure 2). •

5.7 These internal custody records will be maintained in the project
file. _

5.8 After a sample has been requested from storage by the analyst, the •
analyst is responsible for the custody of the samples. Each
analyst must return the samples to the storage area before the end - 9
of the working day. f§

[DMSOP]
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Internal Chain-of-Custodv Procedure:

The following procedure for documentation of internal chain-of-custody for
samples requiring continuous custody.

1. Samples requiring refrigeration will be stored in the walk-in coolers
located in the sample entry area. Metal samples are stored in the
black cabinets in log-in. Metals digestates are located in the metals
lab. A list of sample numbers will be maintained by the sample
custodian.

2. Only the laboratory personnel will have access to the walk-ins.

3. Samples will remain in the designated walk-ins until removed for sample
preparation and/or analysis.

•

4. All transfer of samples into or out of the walk- ins will be documented
on an internal chain-of-custody record (see Figure 2). These records
are maintained by the sample custodian.

5. Once a sample is removed from a walk-in by the sample custodian, he/she
will then give it to the analyst, who is then responsible for the
custody of the sample. Each analyst must return samples to the walk- in
before the end of the working day. Samples are not allowed to sit on
the bench overnight.

6. The next morning, sample custodian will put samples back in their
proper place on the shelves. Sample custodian is responsible for
signing sample request sheet that samples were returned properly. Any
remarks will also be noted by the sample custodian.

7. When sample analyses and necessary quality assurance checks have been
completed by the laboratory or after a 3 month time period whichever is

§ longer, the unused portion of the sample should be disposed of
properly. All identifying tags, data sheets, and laboratory records
shall be retained as part of the permanent documentation of the
project. Tags and forms are never discarded!

Revision Date

_______________________ 9-26-87
Michael J. Linskens
Director, Technical Services 8-18-88

Kirn D. Finner
Laboratory Manager
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FIGURE 2
HARZYN SAMPLE REQUEST SHEET
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CHAIN-OF-CUSTODY, LOG-IN AND TRACKING PROCEDURES

Scope and Application: This procedure is applicable to the log-in of samples
and addresses such areas as: sample custody, log-in,
labeling and preservation of samples. This procedure
begins as the samples enter the laboratory and follows
the samples to their destruction.

Procedure:

1. Chain-of-Custodv Procedure: Samples arriving in the laboratory are
accompanied by some type of custody record. The most common type of
record is that shown in Figure 1. Follow the instructions below for
all levels of chain-of-custody.
A. Superfund Level Chain-of-Custodv:

1. Refer to the "Chain-of-Custody - Superfund Level" SOP.

B. Routine Chain-of-Custody:

1. Samples arriving in the laboratory are accompanied by a chain-
of-custody record (refer to Figure 1).

2. Review the custody form with the samples received and see that
the spaces marked #1 - #12 have been accurately completed by
the sampler.

3. Any discrepancies with the chain-of-custody record or the
samples should be immediately brought to the attention of the
customer service relations person so that the problems can be
solved in an efficient manner.

4. If samples were shipped, note the courier name in the remarks
section (#15) of the chain-of-custody record.

5. Record any other comments such as: temperature upon receipt,
preservation (if done in lab), problems, etc, in the remarks
section (#15).

6. Fill in the lab numbers in the section marked #16 (refer to the
log-in portion of this procedure for how to obtain lab
numbers).

7. Sign and date the chain-of-custody record (#13 - #14).

8. Route the custody record to the data management office when
log-in is complete.

[DMSOP]
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NOTE:

2.

A.

The laboratory is a secured area with strict limited access. Any
samples arriving to the laboratory during "off hours" are stored in the
laboratory refrigerator until they are logged in. Laboratory personnel
are responsible for the care and custody of the samples during the
analysis stage and until the samples are removed from the refrigerator
and properly disposed of.
Log-In Procedure:
Figure 2):

Samples are logged in as follows (Refer to

Sample Information:

Care should be taken to document the condition of samples upon
receipt. Anomalies such as broken or leaking bottles, expired
holding times, improper labeling or preservation, and air bubbles in
VOA vials should be noted on the chain-of-custody. It should also
be noted whether the samples arrived cold.

B. Numbering Samples;

Number the samples on the chain-of-custody form. Record lab numbers
used in the black lab book. If no chain-of-custody form accompanied
the samples, the sampler must be contacted and one must be filled
out. Blank forms are available in the log-in area.

NOTE: - Sample preparation is required if the samples need to be
filtered and/or preserved in the lab.

- If metals are requested, metal digestion is required for
all matrices except filtered grpundwaters or private
wel 1.

- Sample compositing is required if the lab is instructed
to composite a series of samples received into one
sample for analysis.

C. Subcontracted Work Required:

Refer to the subcontracting SOP for further instructions on
subcontracting samples.

D. Special Accounting Notes:

If there is a discount or a special proposal for the sample analyses to
be charged, record that information on the chain-of-custody.

I

i
i

I
I
I
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E. Labeling Bottles:

!.• Record the lab number on the sample bottle label and caps using a
water-proof marker.

2. Check that the appropriate preservation and preparation has been
circled.

3. If metals and total hardness are both required, using a red water-
proof marker, place a dot on the bottle cap of that bottle to be
used for those analyses.

F. Preserving Samples:

1. Samples which have been preserved in the field must be checked via
pH paper in the laboratory to insure they were preserved to the
correct pH. Check preserved samples as follows:

a. Acid-preserved (HN03 or ̂04) samples must be preserved to a
pH <2. Using a pH stick, check the pH. If the pH is not <2,
note this on the chain-of-custody, then add additional acid
until a pH is obtained. IT IS CRITICAL THAT THE CORRECT TYPE
OF ACID BE ADDED.

b. Base-preserved NaOH samples must be preserved to a pH > 12.
Using a pH stick, check the pH. If the pH is not > 12, note
this on the chain-of-custody, then add additional ION NaOH
until a pH > 12 is obtained.

c. Base-preserved NaOH with ZnAc samples must be preserved to a pH
> 9. Using a pH stick, check the pH. If the pH is not > 9,
note this on the chain-of-custody, then add additional ION NaOH
until a pH > 9 is obtained.

2. Samples which have not been preserved in the field need to be
preserved in the laboratory. Record any preservation done in the
lab on the field sheets or custody records. Refer to Figure 3 for
preservation requirements and preserve accordingly. It is
important that samples arrive in appropriate containers (see
Figure 3). If they do not, contact the inorganic/organic
supervisor. They will determine which analyses, if any, can be
run.

3. It is important that samples be received and maintained cold for
most analyses. If a sample was received warm, make note of this
on the field sheet or custody record.

[DMSOP]
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G. Computer Log-In: H

Analysis requests are entered into the Laboratory Information _
Management System (LIMS). The LIMS database is used for scheduling of •
analytical work and to produce accounting invoices. Analysis requests «•
are entered into the LIMS databa'se as follows:

1. Turn on the computer terminal. i|

2. Enter: C CHICO (return). ^

3. Enter: ASCORA (return). fl

4. Enter: Password (return). m
5. At the VMS $ prompt, enter LABMENU (return).

6. Enter: LOGIN (return). p]
V-«-/

7. Enter: Password (return).

8. The Log-In screen will appear as shown in Figure 2. Using J
information on the chain-of-custody, proceed as follows:

a. Enter project number (return). Account number and name will !
be filled in automatically. If the information matches the •~}
chain-of-custody, press return.

b. Sample date automatically defaults to yesterday's date. If J
this is correct, press return or over ride with correct date.

c. Enter sample identification from station location on the f
chain-of-custody and press return. wj

d. Enter proper matrix number and press return. _ Jt

e. Desc: This is used if sample identification is longer than
the number of characters in the sample identification field. m
(Return to over ride or enter information and return.) M

f. Date received automatically defaults to today's date. If
correct, press return or over ride with correct date. •

g. Days to process automatically defaults to 14 days. If this is
correct (standard turnaround time) press return or if rush
work, over ride with the number of days until due.

Duedate: First date listed is report date, second date is the
lab due date which can be changed if necessary.

I
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i. Comments: Enter special tests or other information needed to
analyze samples correctly and press return.

j. Manager: Filled in automatically; press return if correct or
over ride.

k. Price/Cost: Return if correct or over ride.

1. % Markup/Discount: For accounting. Enter a negative number
for a discount (i.e. -15 for 15%) and a positive number for
markups (i.e. 100 for 2 x price). Check accounting sheets for
projects with special pricing.

m. To enter parameters, press Next Screen (see Figure 2A).

n. Matrix automatically defaults to matrix entered above (return
or override).

o. Enter the proper code name for the test to be run from report
MF01. Use parent codes if applicable for quicker entry.
(Press the down arrow key, return.)

p. To enter address for the report, press Next Screen (see Figure
2B).

q. Type: Report (return).

r. If an address has already been entered and matches the chain-
of-custody press Commit and return.

s. If no address appears, press return until cursor is in the
City field. Type in the city and press return.

t. Type in state (press Commit and return). After city and state
has been entered for the first sample, it will automatically
be copied for the rest of the sample numbers in a single log-
in.

•9. To duplicate the entry for another sample on the same chain-of-
custody:

a. If next sample to be entered has all the same information as
the previous sample entered, press Duplicate Record key (F7).

b. Enter sample identification and press Commit key, return.

10. To duplicate only the information in the upper block of the log-
in screen (sample date, matrix etc.):

a. Press Create Record key (Insert Here) and enter sample
identification.

[DMSOP]
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b. Press Previous Screen (F12) if sample date needs to be
changed.

c. Press Next Screen, return. Then press Next Screen again to
enter new product codes for the analyses requested.

d. Press Previous Screen to enter new sample or to quit.

e. Press Clear Form (F17) to enter a new chain-of-custody.

f. Press Exit/Cancel (PF4) to exit from the log-in screen.

1. Press Exit/Cancel to exit from the LIMS system.
2. At the VMS $ prompt, enter LO (return) to log off the VAX

computer.
3. Enter N (return).

13. If in Step 8a. the computer says project number is invalid:

a. Press Exit/Cancel (PF4).
b. Enter "Y" (return).

c. On the LIMS Main menu, use the up arrow key to position the
cursor on "Seedpak Management". Press Commit key.

d. Use the down arrow key to move to project entry. Press Commit

e. Enter project number (return).
f. Enter account number (9999) and return. 2§

W
g. Enter description for chain of custody (project name). §•

"h. Enter manager from chain-of-custody (i.e. Finner, K) .

i. Press Exit/Cancel (PF4), twice. i

j. At the LIMS main menu, select log-in and press Commit.

14. To print daily log-in reports: |

a. Print out the appropriate FS02 reports for only the samples m
logged in that day. The computer printout must be checked •
against the custody record or field sheets by the "
inorganic/organic supervisors so that any errors can be
corrected. Print a report as follows: B

b. Select "Seedpak Reporting" from the main menu, and press Commit.

[DMSOP]
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c. Select FS02 and press Commit.

d. Enter today's date, press Commit and return.

e. The inorganic/organic supervisors are responsible for updating
and printing lab schedules as they require them.

f. Any "rush" work is to be brought to the inorganic/organic
supervisors' attention immediately.

15. Sample Storage:

a. Proper handling and storage is necessary in order to maintain the
integrity of the samples. Refer to Figure 3 for storage
requirements.

b. Refrigerated Storage:

1. Store routine custody samples in the walk-in refrigerator.
Separate samples by preservative type. Samples with organic
analyte requests are stored on a separate shelf in the walk-
in.

c. Non-Refrigerated Storage:

1. Metal samples are stored in the log-in area in the
appropriate cabinets.

2. Other samples not requiring refrigeration are stored on the
appropriate shelves next to the walk-in refrigerator.

d. Any samples removed for analysis must be put back in the original
location when the analysis is complete.

16. Sample Handling:

a. Samples are handled in and out of the walk-in coolers and black
cabinets by the sample custodian.

b. Analysts are responsible for filling out sample request forms
(see Figure 4) to request needed samples.

c. Forms are given to the sample custodian.

d. Sample custodian gathers requested samples and leaves yellow copy
of form with samples, and keeps the white copy.

e. Analysts return samples to the walk-in accompanied by the yellow
copy of the request form.

[DMSOP]
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f. Next morning, sample custodian puts samples back in their proper
place on the shelves.

g. Sample custodian signs off on white sheet that samples were
returned. Any remarks are also noted on the white sheet.

17. Storage/Disposal:

Due to limited sample storage facilities available, the following
guidelines have been created for sample storage/disposal. Sample
storage time may be extended upon client's request.

a. One week after the report issue date, inorganic samples which are
in cold storage are to be transferred to warm storage.

b. One month after the report issue date, organic samples which are
in cold storage are to be transferred to warm storage.

c. Samples in warm storage should be disposed of as follows:

Aqueous Samples: Dispose 1 month after report issue date.
Non-Aqueous Samples: Dispose 6 months after report issue date.

1
Revision Date

__ 08/18/87 J
Michael 0. Linskens
Director, Technical Services 08/15/88 m

Kirn D. Finner
Laboratory Manager

I
I
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WARZYN ENGINEERING INC.
ANALYTICAL SERVICES
SAMPLE FLOW DIAGRAM

SHORT-TERM
STORAGE*

III

SPLIT, COMPOSITE,
LEACH, FILTER,

ELUTRIATE

SOLVENT
EXTRACTION

WET CHEMISTRY
DISTILLATION/
DIGESTION

ROUTINE
WET CEMISTRY
ANALYSIS**

REPORT GENERATION

I
SAMPLES

DISPOSED OF

1
j

**

***

SHORT TERM STORAGE: WALK-IN REFRIGERATOR FOR SAMPLES REQUIRING
REFRIGERATION, BLACK CABINETS IN SAMPLE LOG-IN AREA FOR SAMPLES
NOT REQUIRING REFRIGERATION, WALK—INS FOR SAMPLES REQUIRING
"SUPERFUND LEVEL CHAIN-OF-CUSTODY".

ROUTINE WET CHEMISTRY ANALYSES INCLUDE BOTH AUTOMATED AND MANUAL
TESTS.

LONG TERM STORAGE: NON-REFRIGERATED STORAGE IS LOCATED IN THE
FIELD STORAGE ROOM.



WARZYN FIGURE 1

CHAIN OF CUSTODY RECORD
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FIGURE 2

————————————————— Login/Order Entry
(Project #: STANDARD ________ Acct: ______ _

Sample #: •____ Sample Date: _____ Sample ID:
Matrix: ______ Desc: _^_________

Received: 17-htb-90 Dlys to Proce?sl TT^Due Uate:
Comments: __________'__________ Manager:
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Matrix Product Type Price Cost Hold date PList

Lnar Mode: Keplace Page 1 Count:



FIGURE 2A

Project #: 60818:00t. ———————————————— .
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FIGURE 2B

Sample Addresses for 496-003
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Type
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Addr 1:
Addr 2:

City:
State/ZIP:

Phone:
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Addr 1:
Addr 2:
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FIGURE 3
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1-3 Analyses; 250 ml required
4-7 Analyses; 500 ml required
>8 Analyses; 1000 ml required

(B) 1-3 Analyses; 250 ml required
4-7 Analyses; 500 ml required

(C) The metals selenium, arsenic, silver, mercury and hardness require
additional volume. Use the following bottle scenario;
- One 250 mL bottle for all metals excluding above
- One 250 ml bottle for all metals plus two of the above analytes (except
mercury). If mercury is required, an additional 250 ml is required.
Label bottle for mercury analyses.

- One 500 ml bottle for all metals, including all five of the above
analytes. Two 250 ml bottles may be used instead.

(0) Dissolved solids require 100 mL of sample. This volume can be included
in the (A) unpreserved bottle.
The volume required for suspended, total and volatile so'lids depends on
the nature of the sample. Dirty samples require 100-250 ml, clean
require 1000 ml. Sample accordingly.

(E) Collect sample in either a 250 mL amber bottle with inverted cap or 250
or 500 mL amber bottle with teflon septa. Collect with no headspace.

(F) Collect 250 mL using either sterilized Whirl-Pak bag or nalgene bottle.
Collect in Whirl-Pak bags with sodium thiosulfate (Na2S203) additive if
the sample is chlorinated.

(G) Collect the sample in a 1-liter wide-mouth jar. Collect at least 5CC
grams for analysis.

(H) Volatile organics may alsc be collected using two 40-mL VGC vials.

(I) Add 0.6 g ascorbic acid if residual chlorine is present.
Maximum holding time is 2- hours when sulfide is present. Optionally cl;
samples may be tested with lead acetate paper before pH adjustments in
order to determine if sulfide is present. If sulfide is present, remove
by the addition of cadmium nitrate powder until a negative spot test is
obtained. The sample is then filtered and NaOH is added to pK >12.

(J) Preserve chlorinated samples with 1 crystal of sodium thiosulfate
(Na?S203) per vial.
Samples can be either preserved with 1:1 HCl or left unpreserved.
Samples receiving no pH adjustment must be analyzed within 7 days of
sampling.
Samples that contain hydrocarbons (samples from gasoline or fuel oil

•• contaminated sources) must be preserved with 1 drop of 1:1 hydrochloric
acid (KC1).
If either acrolein and acrylonitrile are to be analyzed, the pH should be
adjusted to 4-5 with 1:1 hydrochloric acid (HCl). Samples receiving no
pH adjustment must be analyzed within 3 days of sampling.
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(K) Add 0.008% sodium thiosulfate ( if residual chlorine is present.

(L) Adjust pH to 5-9 with sulfuric acid (̂ 04) . The pH adjustment may be
performed upon receipt at the laboratory and may be omitted if the
samples are extracted within 72 hours of collection. For the analysis of
Aldrin, add 0.008% sodium thiosulfate (Na2S2C>3) to the sample.

(M) Collect two (2) 1000 ml amber glass bottles with teflon-lined caps per
analysis.

(N) Collect two (2) 80 02 amber glass bottles with teflon-lined caps for one
or both analyses listed. Alternatively, four (4) i-liter amber bottles
with teflon-lined caps may be used.

(0) The holding time is 7 days until extraction, 40 days after extraction.

BJH/cac
[cac-70C-93A]

i
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FIGURE 4

WARZYN SAMPLE REQUEST SHEET

Need Samples By:
Date:

1

Date/Time Submi
I am reques

Project No.

tted: Time:
ting:

Samole No(s) Parameter Matrix Remarks

I am returning: Date/Time:
Project No. Sample No(s) Remarks
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05/13/92 11:52 C818 X42 3758 ENSECO AIR TOIIC I2l 002

3 * STAHDARD
QEERATIBG
EROCEDORE

Subject or Title:
Saaple Idon.tifieapi.on for Enseco - Air Toxics

page

SOP No.:
LP-ATL-0002

Revision No.:
Original

Effective Date:
November 22, 1991

Supersedes: None

EHSECO PROPRIETARY INFORMATION STATEMEHT .

These documents have been prepared by and remain tbe Bole property of Enseco-. Inc.
They are 'submitted to a clienr/goveroBent entity solely for Its use in evaluating
Enseco's qualifications in connection vlth the parclcular project, certification or
approval for which they vere prepared, and are to-be held proprietary to Enseco.

The user agrees by ics acceptance or use of these documents to return them upon
Enseco's request, and not to reproduce, copy, lend or otherwise disclose or dispose
of the contents, dlreccly or indirectly, ami not Co use then for any purpose other
than that for which they vere specifically furnished. The user also agrees thai:
where consultants or others outside of user's organization are involved in the
evaluation process, access to these documents shall not be given to those parties,
unless those parties also specifically agree to tbe conditions stated above.

Prepared By:
Valerie Zugates-Wildman

Date:
Hovember 19.

Kanagi Dace

QA Officer Approval:
~

Date:

J
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JSf

? B̂nseco i
STANDARD

Subject or Title: Page
Sample Identification for Enseco - Air Toxics ' .

SOP Ho.: '' Revision Ho.: '• Effective Date:
LP-ATL-0002 Original Hovober 22. 1991

1. SCOPE AHD APPLTCATIOH .

1,1 To describe the procedures used in the assignment of laboratory
identification numbers to samples.

•2. ' POLICIES

2.1 All Enseco.-Safety policies will be strictly adhered to while
performing the following duties.

2.2 Ensure client confidentiality at all times. . • \^
ISMswi

2.3 Enseco security policy will be adhered to for all non-Enseco
visitors entering the sample control receiving door.

3. SAFETY

3.1 All Enseco safe try policies will be adhered' to at all times.

3.2 All samples are considered hazardous. Always handle samples in
the nose safe condition as possible.

3.3 Always ask when there is a question about safety,

4. PROCEDURE

4.1 Each sample 'is assigned a unique identification number. The
. numbers are assigned when the project is logged into the

laboratory.

4.2 Samples are logged into a logboolc that is used to keep track of
*•>>* next available project number. The following information is
recorded in the logbook:

Date Received
Time Received |9
Sample Description. ' • H
Analysis Required

' Container Type. . •
Date/Time Sampled . •
Client/Project . g
Initials of Person Logging in Project • '

I

MftY'Ys '92 13:54"" ' " — — — ' '818 442 3758 PftGE.003
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SrANDABJ)
OPKRAHHC
PROCEDURE

Subject or Title:
Sanple Identification for Ensoco - Air Toxics

of

SOP 80.:
LP-AZL-0002

Revision No.
Original

Effective Date: -
November 22. 1991

4.3 The laboratory sample ID.numbers consist of five parts:

4.3.1 "A--

Every sample ID umber begins with "A-" to identify that
the project Is from UM Air Toxics laboratory of Eoseco-
CRL.

4.3.2 The year.
The last two digits of the current year.

4.3.3 The day.

The number of the day of the- year that: the samples are
logged in, January 1 is "001B and December 31 is "365-
("366- in leap years).

4.3.4 The project.

Starting with "01", each project logged in. is given a
unique number.

4.3.5 Sample numbers.

', each sample in the project is

s: Sample f A-9100503-006 would be saaple #6 of the third
project.logged in on January 5, 1991. Sample f A-9036115-
013 would be sample f 13 of the 15th project logged in on Decenfcer
27. 1990. • »* .

4.4 Each sample is labeled vith its sample ID number by either
attaching a sample ID tag or affixing a label.

J

3 MflY 13 '92 13:55 818 442 3758 PftGE.004



05/13/92 11:53 O818 442 3J58 . ENSECO AIR TOIIC ^005

STABDARD

Subject or Titler Page U of 4
Saaple Identification for Enseco - Air Toxics

________ __ _______ _ _________ ____ _ _ ______ ^ ________

SOP So.: Revision Ho.: Effective Date:
LP-AXL-0002 Original HoveoDer 22, 1991

5. Responsibilities •

5.1 Sample Control Technician

5.1.1 The Sample Control Technician Is responsible for following'
the procedures and policies set forth in tibJLs SOP in a safe

•and timely manner.

5.2 Laboratory Director

5.2.1 The Laboratory Director is responsible for ensuring the \^
procedures and policies set forth in this SOP are followed
in a safe and timely Banner. ' " . . .

I
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Enseco QA Program Plan Section No.
Revision No. 3.3

3

Date 5/89
Page 18 of 58

7. SAMPLE CUSTODY

Upon receipt by Enseco, samples proceed through an orderly processing
sequence specifically designed to ensure continuous Integrity of both the
sample and its documentation. -

All samples are received by Enseco's Sample Control Group and are
carefully checked for label Identification, and completed, accurate
chain-of-custody records. Photographs document the condition of samples
and each sample is then assigned a unique laboratory Identification
number through a computerized Laboratory Information Management System
(LIMS) that stores all identifications and essential information. The
LIMS system tracks'the sample from storage through the laboratory system
until the analytical process is completed and the sample 1s returned to
the custody of the Sample Control Group for disposal. This process is
summarized in Figure 7-1. Access to all Enseco laboratories is
restricted to prevent-any unauthorized contact with samples, extracts, or
documentation.

An example of the Enseco Cha1n-Of-Custody Record used to transmit samples
from the client to the laboratory is given in Figure 7-2. The Chain-Of-
Custody Record (Interlaboratory Analysis Form) used to transmit samples
between laboratories within Enseco is given in Figure 7-3.

Sample bottles provided to the client,by Enseco are transmitted under
custody using the Enseco "Sample



Enseco QA Program Plan Section No.
Revision No.

Date
Page

3.3
5/89

19 of 58

Figure 7-1

ENSECO SAMPLE PROCESSING FLOW CHART

Sample Control

Proper Storage

Laboratories

Sample Control

Check and document physical condition
of sample
Veri fy documentation and parameter
assignment
Log Into LIMS
Send acknowledgement letter to client

Store sample according to preservation
guidelines
Transfer sample to lab with proper
documentation

* Document analytical work
* Return unused samples to Sample Control

* Return sample to client or arrange for
sample disposal

i

I
I
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Enseco

INTERLABORATORY ANALYSIS

File Ind«x

SHIP TO: (circle one)

CAL ERCO CLE GAS MAR HOU

Attention:

SEND RESULTS TO:
Rocky Mountain Analytical Laboratory
4955 Yarrow Street
Arvada, CO 80002
(303)421-6611 FAC: (303)431-7171

Attention:

CLIENT NAME PROJECT NO.

Relinquished by. (Signature) Received by: (Signature) Dace nme

Relinquished by: (Signature) Received by: (Signature) Date Time

Import
UblD Enseco ID Client ID

Matrix Date Date
(a,s. w) Sampled Rec'd

Analysis
Requested/

licsi "

Simple
Condition

Upon
Receipt

a, Wrioen results required by (date): Verbal results required by (datr):
b. QC: Q Standard Enseco Q CLP Protocol Q Project-Specific —————
c. Sample Disposal: Q Enseco Q Return to Client Q Phone RMAL
d. Raw Data Copies Neede± Q Yes -Q No
e. Detection Limits: Q Standard Product Q Other*
f. Holding Times: D Enseco Q EPA-CLP Q Other-
g. 'Special Instructions:^_______________________::————:——————

I

'*h. Intercompany Rebate: (circle one) 0% 5% i. P.O. Number, J
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] DATA VALIDATION PROCEDURE FOR
EVALUATING INORGANIC DATA

I

j
]

Scope and Application;

This standard operating procedure (SOP) describes Warzyn's procedure for
evaluating inorganic data according to procedures specified 1n a Quality
Assurance Project Plan (QAPP). Each analytical procedure 1s specific to a
project and is found or referenced 1n the QAPP. The reviewer must
evaluate whether the procedure was adhered to and that the required
Quality Control (QC) requirements were met as described in the QAPP and
evaluate the usability of the data.

References:

1. Laboratory Data Validation Functional Guidelines for Evaluating
Inorganics Analyses. Hazardous Site Evaluation Division, U.S. EPA,
July, 1988 (or most current).

2. Statement of Work for Inorganics Analysis, U.S. EPA Contract
Laboratory Program, SOW No. 788, July, 1988 (or most current).

3. Quality Assurance Project Plan (QAPP) containing the analytical
procedures required for evaluation. Each QAPP is specific to a
project.

Requirements;

1. It is recommended that the reviewer be familiar with the RAS
Inorganics validation process (refer to the Validation Guidelines and
Statement of Work above) prior to evaluating this data. The
evaluation and action criteria described in this SOP are very similar
to the RAS Inorganics validation process.

2. All completed validated data packages must include the following:

a. Data Validation Narrative
b. Validated Results; with data qualifiers added and pages stamped
"VALIDATED".

NOTE: It 1s not necessary to Include the raw data with the completed
validated data package, since a copy of the raw data package already exists in
the project file. Only include raw data if there are major concerns or
deficiencies with the data set.

Procedure:

1. Screen the data package to see that the samples and analytes
undergoing evaluation concur with what was requested on the "Rf-guest
for Data Validation" form (refer to Figure 1). If discrepancies
occur, contact the data management coordinator for clarification prior

.--... to continuing.
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2. Review the QAPP and the specific analytical procedure for the analyte
undergoing evaluation. They will contain:

a. A summary of the method required and method reference,
b. The applicable matrices and recommended hold times,
c. An approximate number of samples and matrix,
d. Special technical Instructions,
e. Required dellverables,
f. Data Requirements (Detection Limits, Precision, etc.)r and
g. Quality Control Requirements.

3. The reviewer must evaluate the data according to the quality control
criteria specified 1n the QAPP. The evaluation of each analyte, 1n
most cases, will Include a review of the following criteria:

a. Methodology, '
b. Raw Data/Quality Control Dellverables,
c. Detection Limits,
d. Holding Times, ^
e. Calibration (Initial and Continuing),
f. Blanks (Calibration and Preparation), ]
g. Laboratory Control Samples (EPA Reference Samples), J
h. Laboratory Duplicates,
1. Matrix Spikes,
j. Sample Result Verification,
k. Field Duplicates,
1. Other (as specified In the procedure), n
m. Overall Assessment for a Case.

4. Evaluate the data for the criteria above as follows:

A. METHODOLOGY

Evaluation
1. Examine the data to determine 1f the acceptable analytical f|

methodology was used as indicated in the QAPP.

2. Determine 1f the analytical procedure was followed. If

Action
1. If an acceptable analytical method was not used, contact the •

Project Manager. It 1s the Project Manager's responsibility to B
Inform the reviewer to continue the validation process of the data
as received, or to reject the data. In some cases reanalysis or •
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resampling may be required, however the decision is left up to the
Project Manager. The Project Manager may require that the
reviewer determine the "usability" of the data package as
submitted prior to deciding what formal action should be taken.

2. If the analytical procedure was not followed as stated, use
professional judgement in determining whether the data should be
qualified as estimated or unusable.

B. RAW DATA/QUALITY CONTROL DELIVERABLES

Evaluation
1. The QAPP will specify what Information should be submitted as part

of the data package. Determine whether the data package submitted
is complete as described in the QAPP. Usually the following will
be required:
- Method used,
- Calibration/standardization information,
- Bench records tabulating the order of analysis of samples,
standards, blanks, duplicates and spikes with the resulting
Instrument readouts and final concentrations. Records submitted
should be complete enough such that all results could be
recalculated from this raw data.
- Photocopy of all Instrument readouts (strip charts, printer
tapes, etc.)
- Reference (QC) samples to be Identified by source, lot number
and sample number, with corresponding true values and 95%
confidence'limits provided.
- Custody records

Action
1. If the data package 1s not complete, contact the data management

coordinator. The data management coordinator will contact the
appropriate laboratory or project manager and obtain the
information necessary to complete the evaluation process.

*v.

C. DETECTION LIMITS

Evaluation
1. Evaluate whether the detection limits required 1n the QAPP were

achieved by the method used.

Action
1. If detection limits were not reported at least to what was

required in the QAPP, review the raw data to determine 1f the
detection limits were achievable. If they were, recalculate the
data and report results to the required detection limits.

2. If detection limits were not achievable by the laboratory,
determine why (laboratory sensitivity problem or detection limits
unobtainable for the method used. Inform the project manager of



]
the situation. The project manager will determine whether the
evaluation should be completed.

D. HOLDING TIMES n

Evaluation
1. Determine whether the established holding times were met. The _

holding time is established by comparing the DATE SAMPLED with the •
DATE OF ANALYSIS found on the raw data. Required hold times a

should be noted in the QAPP.

2. Examine the digestion/distillation logs to determine if samples H
were preserved at the proper pH.

Action If
1. If hold times were not noted in the QAPP, use the EPA-recommended

hold times and apply these hold times to both water and soil ^™
samples. n

2. If holding times and preservation criteria are not met, qualify
all results > Instrument Detection L
and results < IDL as estimated (UJ).
all results > Instrument Detection Limit (IDL) and estimated (J) H

3. Use professional judgement in cases where the holding time is ri
grossly exceeded. The expected bias would be low and the reviewer j
may determine that results < IDL are unusable (R). v*

E. CALIBRATION J

Evaluation fl
1. Verify that the Instrument was calibrated daily and each time the J

Instrument was set up using the correct number of standards and \^
blank. In cases where a curve set-up is not applicable (i.e. a m
titrimetric procedure), verify that the titrants were standardized P|
as required in the procedure.

2. Verify that the correlation coefficient is ̂  0.995 (unless ||
otherwise specified). *»

3. Verify that the calibration verification standards (ICV/CCV) were •
run at the appropriate frequency and that results were within |
acceptable limits as stated in the QAPP.

4. Recalculate approximately 10% of the ICV/CCV using the following |J
equation:

%R = Found x 100 B
True I

Due to possible rounding discrepancies, allow results to fall
within 1% of the contract windows. 1

Action
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1. If the minimum number of standards as required in the QAPP were
not used for initial calibration, or if the instrument was not
calibrated daily and each time the instrument was set up, qualify
the data as unusable (R).

2. If the correlation coefficient is < 0.995 (or as specified 1n the
QAPP), qualify results > IDL as estimated (J) and results > IDL as
estimated (UJ).

3. If standardization of titrants was required and not performed, use
professional judgement in qualifying the data. The reviewer
should review ICV/CCV, EPA reference sample results and other
criteria prior to determining 1f the data should be qualified as
estimated (J if > IDL; UJ if < IDL) or unusable (R).

4. If the ICV/CCV %R falls outside the acceptable limits, use
professional judgement to qualify associated samples. If possible,
indicate the bias in the review. The following guidelines may
assist the reviewer in qualifying the data:

- If the ICV/CCV %R is significantly greater than the upper
control limit (UCL), qualify associated results > IDL as unusable
(R); results < IDL are acceptable.

- If the ICV/CCV %R is significantly lower than the lower control
limit (LCL), qualify all associated data as unuseable (R)

- If the ICV/CCV %R are outside the acceptable limits, yet
relatively close to the limits, qualify associated results as
estimated (J if > IDL; UJ if < IDL and the %R is below the LCL).

F. BLANKS

Evaluation
1. Review the raw data for all blanks and verify the results were

accurately reported.

2. No contaminants should be found in the blanks (i.e. all blank
results should be < IDL).

3. Positive blank results must not be corrected by subtracting off
" the blank value from the sample results.

Action
1. Sample results ^ IDL but less than 5 times the maximum

concentration found in any blank should be qualified as not
detected (U).

2. Any blank with a negative result whose absolute value is > IDL
must be carefully evaluated to determine if the sample data is
biased in any way.



G. LABORATORY CONTROL SAMPLES (EPA REFERENCE SAMPLES)

Evaluation •
1. The laboratory control sample (LCS) serves as a monitor of the

overall performance of the analysis Including all preparation
steps. Review the LCS and verify that the results fall within the
control limits required. (If no limits noted, use 80-120% for the
control limits.)

2. Check the raw data to verify the reported recoveries, Recalculate
one or more recoveries (%R) using the following equation:

LCS %R = LCS Found x 100
LCS True

Action
1. If results are < IDL and the LCS recovery 1s above the UCL, the

data are acceptable. i
2. If the LCS recovery for any analyte falls within the range of

50-LCL, or > UCL, qualify results > IDL as estimated (J) .

3. If results are < IDL and the LCS recovery falls within the range
of 50-LCL, qualify the affected results as estimated (UJ).

4. If the LCS recovery results are < 50%, qualify the data for the J
affected analytes as unusable (R).

5. If a LCS was required^ and not run, use professional judgement to ^1
determine whether the data is estimated (J) or unusable (R) . .;

H, LABORATORY DUPLICATES 3

Evaluation |j
1. Review the duplicate data and verify that the results fall within fj

the criteria required. If no criteria exist, use the limits nf
20% for the Relative Percent Difference (ftPD) or + IDL 1f results B
are < 5x IDL (35 RPD or ± 2x IDL 1f > 5x IDL' for soils). •

2. Review the data and verify that the duplicate analysis was not
performed on a field blank. I

3. Check the raw data and recalculate one or more^RPD using the
following:

J
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RPD * |S-D| x 100
(S+D)/2

where, S = Original sample value
D = Duplicate sample value.

Action
1. If duplicate analysis results for a particular analyte fall

outside the appropriate control windows, qualify the results for
that analyte in all associated samples of the same sample matrix
as estimated (J).

2. If the field blank was used for duplicate analysis, carefully
evaluate all other quality control data and use professional
judgement In evaluating the data.

I. MATRIX SPIKES

Evaluation
1. Review the matrix spike data and verify that the results fall

within the limits specified. If no criteria exists, use the
limits of 75-125% for both water and soil matrices.

2. Check the raw data and recalculate the % Recovery of at least 10%
of the data. Use the following equation to verify that the
results were calculated correctly:

%R = (SSR - SR) x 100
SA

Where, SSR - Spiked Sample Result
SR = Sample Result
SA = Spike Added

3. Review the data and verify that the field blank was not used for
the spike analysis.

Action
1. If the spike recovery is > 125% (or > UCL stated in the procedure)

and the sample results are < IDL, the data 1s acceptable for use.

2. If the spike recovery 1s > 125% or < 75% (> UCL or < LCL stated in
the procedure) and the sample results are > IDL, qualify the data
for these samples as estimated (J).

3. If the spike recovery falls within the range of 30-74% (30-LCL)
and the sample results are < IDL, qualify the data for these
samples as estimated (UJ).

4. If any spike recovery results are < 30% and the sample results are
< IDL, qualify the data for these samples as unusable (R).



5. In cases where more than one spike analysis was performed and one
or more %R results were outside acceptable ranges, use
professional judgement when qualifying the data. Matrix spikes
should be performed on each sample matrix. Qualify data of
similar matrix as the spiked sample if different matrices in the
data package.

6. If the field blank was used for the spike analysis, carefully
evaluate all other quality control criteria and use professional
judgement in evaluating the data.

J. SAMPLE RESULT VERIFICATION

Evaluation
1. Examine the raw data to verify the analyte quantitation was

calculated as stated in the procedure. Re-calculate a minimum of
10% of the sample results to verify results were calculated
correctly.

2. Examine the raw data for anomalies such as baseline drift,
negative absorbances (indicative of Interfences), omissions, etc.

3. Verify there are no transcription or reduction errors (dilutions, .-,
percent solids, sample weights) on at least 10% of the samples.

4. Verify that all results fall within the calibrated range.

Action J
1. If any discrepancies are found and can be corrected, make the

corrections and note. Increase the level of quality control if . m
necessary. If the discrepancy cannot be resolved by the reviewer, x]
contact the data management coordinator. The laboratory or
appropriate agency will be contacted and the information necessary
to complete the evaluation will be requested. The project manager
should be informed of the delay 1n the validation process. If any
discrepancy remains unresolved, use professional judgement in
qualifying the data.

K. FIELD DUPLICATES

Evaluation
1. Field duplicate samples measure field and lab precision and

therefore the results may have more variability than lab
duplicates. Review the field duplicate data and calculate the
RPD. No criteria exists for evaluating the data.

Action

I

I1. If the RPD is > 50%, note in the narrative. Use professional
judgement in qualifying any data. Review the raw data to verify
that no reduction errors exist. This is to verify that the j
discrepancy is due to sampling techniques (sampling, preservation, J
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filtering, etc.) rather than laboratory error. Make notation of
the discrepancy in the narrative.

L. OTHER (as specified in the procedure)

Evaluation
1. Review the procedure for any other quality control criteria not

covered under the above sections. Examples of additional
information required may be: ICP interference check samples,
special AA quality control checks, distilled/digested blanks and
standards, standardization, specific methodology requests for
different concentration levels, etc..

Action
1. If specific quality control criteria were required and not

followed, the project manager should be informed.

2. If the data was outside the acceptable ranges, use professional
judgement in qualifying the data. Clearly identify your action
and Justification of the action in the narrative.

M. OVERALL ASSESSMENT FOR A CASE

1. It 1s appropriate for the reviewer to make professional judgements
and express concerns and comments on the validity of the overall
data package. This is particularly appropriate when several QC
criteria are outside specifications. It is the reviewers
responsibility to thoroughly document and explain all data
validation qualifiers added to the data.

2. The following is a summary of data validation qualifier
definitions which can be used 1n evaluating the data:

U The material was analyzed for, but was not detected above the
level of the associated value. The associated value 1s either
the sample quantisation limit or the sample detection limit.

J The associated value is an estimated quantity due to quality
control criteria not being met.

R The data are unusable. The ahalyte may or may not be present.

UJ The material was analyzed for, but was not detected. The
associated value is an estimate and may be inaccurate or
Imprecise. •

5. Once the data has been evaluated against all of the points described in
part 4, the evaluator can prepare the data validation narrative.

The data validation narrative should be a summary of the data quality
indicating any problems or deficiencies found with the data set. If
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possible, on data qualified as estimated, note 1f the data 1s biased m
high or low. It is easiest to discuss each analyte separately. Refer |f
to Figure 2 for the form to be used when writing the data validation
narrative. _

6. Record any data validation qualifiers (DVQ) to the left of the results *
on the analytical report. The laboratory qualifiers (LQ) will usually
recorded to the right of the result by the laboratory who performed the
analytical work. A copy of the lab qualifier definitions should be
supplied with the data. Data entry people need to be able to
distinguish between DVQ and LQ, so note location of qualifiers 1f
located other than above.

7. Record the sample ID and date sampled as noted on the Chain of Custody
on the analytical report.

8. Hillght POSITIVE-HIT data with a hlllghter.

9. Stamp all of the analytical reports "VALIDATED". A "VALIDATED" stamp
can be obtained from the data management coordinator.

10. Sign and date the Data Validation Request Form.

11. A quality control review needs to be performed on the validated data -,
package. The entire validated data package (Including raw data,
evaluator's notes and narrative) should be submitted to the QC reviewer -^
for a final review.

Quality Control Review:

1. The purpose of this quality control review 1s to verify that the data
were validated according to the guidelines above, that all data
validation qualifiers were added and also that the narrative is
complete.

2. Review the validated data package for completeness. The data package
should contain the following:

- Data Validation Request Form m
- Inorganic Data Validation Narrative
- Validated Analytical Results •

3. Verify that results exist for all samples and all analytes requested in
the data package. .

4. Review the data validation narrative with the validated results for
consistency, I.e., if the narrative stated that a particular analyte
was qualified, verify that the qualifier has been recorded with the
associated data. Check approximately 10% of the qualifiers. If
discrepancies are found, Increase the level of QC checks.
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5. Review the narrative; check that the data has been evaluated according
to the quality control criteria specified in the QAPP.

6. Verify that all positive-hit data have been hilighted and that the
sample descriptions and sampling dates have been recorded on every
result page.

7. Verify that the reviewer has signed and dated the validated data
package.

8. If no discrepancies exist, sign and date the Data Validation Request
Form. If the data package requires clarification, review the raw data
and/or obtain clarification from the reviewer.

9. Deliver the final validated data package to the Data Management
Coordinator when the quality control review Is completed.

10. Recycle any raw data. Raw data is not submitted with the final
validated data package. •
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